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    The area studied is located in the area west of Omdurman. Its geographic extent 
is defined by latitudes (16018' – 16020') N and longitudes (32000' – 3204') E covering 
an area of about 635 km2.   
The main objectives of the present work were to determine groundwater occurrence, 
and the lateral aquifer depth, thickness and its extension, and identify suitable sites 
for drilling production wells. 
The study area is far from the Nile surface water resources and depend only on 
groundwater for the irrigation of farms, hence the problem is to evaluate the quantity 
and the quality of the groundwater resources.   
  The methodology comprised three principal stages – office work, fieldwork and 
laboratory analysis. Fifty four (54) vertical electrical soundings were conducted .The 
VES data readings were processed using IX1D software and were subsequently 
interpreted. The interpreted VES data were plotted in the form of 2D geoelectrical 
sections using Rockworks16 program in thirteen (13) profiles. Twenty eight (28) 
representative groundwater samples were collected and analyzed using Aquachem 
and Diagramme programs.  
   Results of the geo electrical sections which were presented through (13) 
lithological section showed two main sedimentary formation groups; superficial 
deposits and the Omdurman Formation  ) Nubian formation(.The results indicated the 
presence of a semi confined to a confined aquifer in the Omdurman formation which 
is characterized by variable resistivities )7 – 2500(ohm.m. However the upper part 
of the aquifer is composed mostly of fine to medium grained sandstone with a 
formation resistivity in the range of  )70 to 125 ( Ω.m. .The lower part of the aquifer 
is generally homogenous. It is composed mostly of coarse to medium grained 
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sandstone with a formation resistivity in the range of  )100 to 450( Ω.m indicating 
good quality water.  The results of all geoelectrical sections indicate the existence of 
silicified sandstone at different depths and with variable thicknesses.  
The superficial deposits appear to be composed dominantly of unconsolidated fine 
sand, clayey sand and clay sediments with thickness variations ranging from )3.5 to 
15 ( meters, Their resistivity are variable )3 – 936(ohm.m. The Cretaceous 
Omdurman Formation lie directly below the superficial deposits appear to form one 
regional aquifer  
  All lithologic and geo electric sections constructed show that the study area is 
covered with thick accumulations of sediments having high groundwater 
potentiality. In addition  geoelectrical investigations identified twenty nine (29) sites 
for future production well drillings. 
   Results of the chemical analysis of groundwater samples indicated three water 
types (Ca-Na-HCO3, Na-Mg-HCO3, and )Ca-Mg-HCO3) but the last one 
constitute more than 65% of the analyzed samples. The groundwater in the study 
area was found to be suitable for all purposes.  
  And finally the study recommended conducting pumping test and grain size 
analysis of drilling samples in order to determine the hydraulic properties of the 
reservoirs, as well as drawing correct contour maps to know Direction of the 
underground waterway. It also recommended making mathematical models using 









 النيل نهر شرقا تحدها حيث مدينة أم درمان غرب الواقعة المنطقة في الدراسة هذه تمت    
 وخطي (32º. 04’ E - 31.99) طول خطي بين كردفان غرب ووالية الخرطوم حدود وغربا
 .2كم 635 يقارب ما مساحة تغطي حيث  ’16º 20’ N) -(16 º. 18 عرض
من هده الدراسة هو تحديد تواجد خزانات المياه الجوفية ، ومعرفة  الرئيسي والهدف   
خصائصها من حيث العمق والسمك واالستمرار الجانبي لها لتحديد المواقع المناسبة لحفر 
   اآلبار.
 من كبيرة كميات تستهلك حيث بالري تزرع التي المزارع وجود الي الدراسة مشكلة وترجع   
 مستقبال المدن في التوسع فان كذلك ، الجوفية الخزانات في المياه نضوب الي ممايسبب المياه
 بكميات جوفية مياه وجود يستوجب مما السطحية المياه مصادر عن بعيدة المنطقة وان خاصة
. المختلفة االستخدامات في الستغاللها جيدة وبنوعية كبيرة  
 سبر يقةطر مستخدمين جيوفيزيائية دراسات أجريت المنطقة في الجوفية الخزانات ولتحديد    
, حيث  IX1D برنامج باستخدام وتفسيرها تحليلها تم(  نقطة 54)  لحوالي الكهربية المقاومة
 برنامج باستخدام (مسار 13) االبعاد ثنائية جيوكهربية قطاعات شكل في المنطقة  في وزعت
Rockworks16، إختيارها تم ألبار المياه من عينة( 28) يقارب ما تحاليل تفسير تم كما 
 . (Aquachem -  Diagramme)      برنامجين كل من الدراسة باستخدام بمنطقة
 – طحيةالس الرسوبيات)   تكوينين الجيوكهربية الرأسية علي وجود القطاعات نتائج وأظهرت   
حيث دلت علي أن الخزانات في تكوين أم درمان , ( وتكوين أم درمان )الحجر الرملي النوبي(
 مع ةبالمنطق للطبقات المقاومة تتراوح مابين خزانات محصورة إلي شبه محصورة متباينة في
, حيث أن الجزء العلوي من الخزان في الغالب مكونة من حجر Ω m (2500 – 7) العمق
الجزء  بينما  Ω m (125 – 70رملي ناعم الي متوسط الحبيبات بمقاومة تتراوح مابين )
بة بمقاوم الحبيباتخشن  إلي متوسط رملي حجر من ومكونة متجانسة أنها أظهرت منها السفلي
جيدة, كما أظهرت كل القطاعات علي  مياه علي محتوية Ω m (450 – 100مابين )تتراوح 
 تواجد الحجر الرملي السليكاتي متباينة في العمق والسمك.
 في مختلفة مفككة رسوبيات السطحية عبارة عن الرسوبيات القطاعات أن أظهرت كذلك  
 رمال من مكونة.  Ω m (936 – 3) ما بين ومقاومية م( 15 – 3.5) مابين تتراوح السمك
 (تكوين أم درمان )  الرملي الحجر من الطباشيري رسوبيات بينما, طيني رملي وحجر ناعمة
 شكل خزان جوفي إقليمي . في تظهر
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 ذات بالمياه المشبعة السميكة بالرسوبيات تتصف المنطقة أن علي القطاعات كل وأظهرت
تكون مناطق جيدة لحفر األبار مستقبال. أن يحتمل(  نقطة 29) تحديد تم حيث,  العالية االنتاجية  
 28)   بالمنطقة الموزعة االبار من العينات لبعض للمياه هيدروكيميائية دراسات أجريت كما   
 في ثلتتم هيدروكيميائية سحنات ثالثة وجود علي الكيميائي التحليل نتائج وأظهرت(  عينة
(HCO3-Mg-Na - 3HCO-Mg-Ca - 3HCO-Na-Ca )سحنة تمثل حيث (-Mg-Ca
3Hco  )ودلت ، بالمنطقة المياه نوعية من( %65) يقارب ما المنطقة في العظمي الغالبية 
 .المختلفة واالستخدامات للشرب المياه صالحية علي النتائج
 ستعانةاال مع التفصيلية الجيوفيزيائية الدرسات تكثيف علي الدرسة أوصت النهاية وفي   
 علي وصتأ كما المياه، لعينات الكيميائية بالتحليالت ودعمها االبار وتسجيالت الحفر بمعلومات
 يةالهيدروليك الخصائص تحديد أجل من الحفر لعينات الحجمي والتحليل الضخ تجارب إجراء
وكذلك رسم خرائط كنتورية صحيحة لمعرفة إتجاه , المياه كمية معرفة في يساعد مما للخزاتات
 مسار المسياه الجوفية .
 ومدي السحب كمية لمعرفة( Mud flow) باستخدام الرياضية النماذج بعمل أوصت كذلك
 رامجالب إستخدام وأيضا ، المناسيب خرائط رسم إلي باالضافة ، الجوفي الخزان علي تأثيرها
 فرلح الصالحة األماكن لتحديد جيدة نتائج علي الحصول أجل من الهيدرولوجيا في المتطورة
 .اآلبار
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Chapter one ) Introduction(   
 
1-1  location and accessibility 
  The study area is located in the area west of Omdurman city, including part of the 
Khartoum basin, its bounded from the east by the river Nile, and extends westward to 
Khartoum – kordofan boundary situated between  longitudes (31.99o – 32.04o E) and 
latitudes (16.18o – 16.20o N) having  an area about 635 Km
2
 (Fig. 1-1).  
  The area is accessible throughout the year via a network of roads the paved road of 
Sherian- el shemal that links Omdurman and Dongle road along the west side of the 
Nile whish extend to Elhogna. Generally it’s easy to reach the area using four wheel 
vehicle. 
 




1- 2 Geomorphology  
1-2-1 Topography 
The area west of the river Nile is more or less flat with some scattered isolated jebels , 
the high relief is the Markhiyat jebels J.el Toriya, J.Nahedat , J.ebel Sufur, J.el Muteid 
J.Umm Qulu , J.Cherib el bara , J.el Fashfash , J.kileiwat , J.Qisi , j.el Azraq , J.Abu 
Wuleidat and many other hills. 
   As example J.Merkhiyat are made of clastic Nubian sandstone capped by resistante 
ferruginous sandstone , and are developed in series of plateaus and masses , in another 
hand j.Toriya which is Tertiary basalt rise as a circular mound (before quarrying ) above 
the ground surface ( fig  1-2  ). 
  At the flat – laying Pedi plane the land forms are developed by aeolian and fluvial 
processes which made the sand dune )Elamin, 2001(. 
 




1-2-2 Drainage systems 
  In the study area the drainage network is dominated by the lower most reaches of the 
White Nile and Nile River and local systems of ephemeral khors and wadies( fig  1-3).  
Which trend mostly east- west According to Saeed (1974), the drainage systems are 
divided into :- 
1) Those wadies whish drain into river Nile and the white Nile e.g . Kkhor (k) Sunta , 
Wadi (w) Seidna , k .aAbu delany , W.Abuloat . k.Banaga , k.elgarmercy , 
W.Elabraq and W.Elabeid  
2) The second drainage system is disclosed having no connection with the Nile e.g. on 
the western part of the area W.Adara , W. Abu Kheiran and W.Syial 
3) The third type has its channels which resulted from the heavy shorted – time rainfall, 
called Khors . 




 1-3 Climate 
     The study area is described generally arid – to semi-arid. Two main seasons hot and 
dry season during Summer , which extend from April to October , and cold one during 
winter; which extend from November to march, characterize it.  
The minimum value of temperature is between ( 19° c – 31° c ) during the winter , and 
the maximum is between ( 39° c – 41° c) during the summer . The hot summer is 
characterized by severe dust storm known locally as hubbub. 
   The intensity of the rainfall, which is concentrated in the period from July to 
September is ( 100 – 300 mm ) , and there is a little amount of rainfall during October. 
Generally the rainfall of the area seems to be relatively lower than the surrounding area, 
and the rainfall is always associated with thunderstorms (Saeed 1974). 
1-4 Vegetation 
The savannah and semi desert vegetation covers the area under consideration, with 
existence of the scattered trees, shrubs and grasses, which grow in the lower valleys. 
    According to Andrew ( 1948) , the vegetation of Sudan is divided into seven principal 
types, the study area lies within the acacia desert shrubs division , the vegetation of the 
area generally bare land of laterite soils characterized by short plants which are thorny, 
The thorny character helps the plants to withstand the desert condition( fig. 1-4). 
 





  The soils are natural resources and forms one of the fundamental basis of both urban 
and rural life. 
According to the ) FAO ) and ) UNESCO ) There are five soil units which have been 
identified in central Sudan: 
a. Fluvisols :  
These are soils with weakly developed profiles in recent river alluvia which still retain 
the stratification resulting from successive deposits of fresh alluvial material. 
    b. Regosols : 
Soils formed in unconsolidated materials other than alluvial deposits, such as the sands 
of the Qoz Abu Dulu, are included in this type. 
     C & d. Vertisols : 
Soils with a dominant clay texture which shrink and swell with changing moisture 
content are known as Vertisols, when dry these soils crack deeply, with crack at least 1 
cm wide, and there surface may be covered by a dry mulch of small angular soil 
structure 
      e. Xerosols : 
Xerosols are soils of the dry regions which have a surface horizon containing very 
little organic matter and lower horizon which may have increased clay content (Abu 
Sin & H.R.J, 1991).    The study area has three types of soils )Fig. 1-5 ) which are: 
I. Sands: it represent approximately 60 % . 
II. Nubian Sandstone soil with sloping, eroded land it is approximately 25 % . 
III. Nubian Sandstone soil with sands: it represent approximately 1 5% . 
opulation P 6-1 
   The 2008 population census estimate the population of Khartoum state to be about 
5.274.321 composite of various tribes of the Sudan. The most and major tribal groups 
occupying the area belong to Al Kababish , Al Hawawir and Hummur . They are mainly 




Most of these inhabitants are nomadic groups wandering about for pasture and water, 
or setting near the Nile bank and along the major Wadies; few of them depend on limited 
rain – fed cultivation during the rainy season (Salman, 2001). 
   The nomadic groups always keep small heads of goats, cattle’s, camels and some 
poultry , these are for milk and meat or cash – incomes . The villagers cultivate crops 
for local consumption like ( dura ) watermelon …etc.  
In the urban area (big cities like Omdurman), very diverse ethnic groups from all over 
the country are found leading highly different life – style. 





1-7 Previous Studies 
  According to the importance of groundwater in the area for inhabitants settlement and 
future development projects, such as the Dongola – Khartoum road and the demand of 
animal resources, the area witnessed scattered research work in different geological, 
hydrogeological and geophysical work aspects, especially, the area not far away from 
Omdurman city or the Nile.        
1) Kheralla ( 1966 ) studied the Nubian sandstone formation of the Nile valley between 
14°N and the 17° 42 N . He divided this formation into five lithological units.  
2) Qureshi et al ( 1966 ) were concerned with the shape of the basalt intrusion of Jebel 
Toriya .  
3) Whiteman ( 1971 ) studied the general geological feature of the area , beside the 
origin and chemical composition of the sandstone formation .  
4) Brazi ( 1989 ) suggested the term Khartoum type for the sedimentary cover the area 
around  Khartoum , instead of the term Nubian formation in order to avoid the 
confusion that discussed by Klitzsch and wycisk ( 1987 ) .  
5) Awad and Schrank( 1990 )  suggested an Albian to probably a Cenomanian age for 
Omdurman Formation in their palynological studies .  
6) Brier ( 1993 ) carried out sedimentological investigation on Omdurman formation 
and he subdivided the Omdurman Formation :- 
1- Upper Omdurman Formation 
2- Lower Omdurman Formation  
7  ( Awad ( 1994 ) studied the stratigraphy and paleoecology for the late Jurassic to 
middle Tertiary sediments of the Khartoum basin on which he subdivided the 
Omdurman into :- 
1- Merkhiyat member ( formed by the outcrop sequences ) 
2- Umbadda member ( represent the subsurface sequences ) 
8  ( From the hydrologeological points of view the area has been also studied on the 
regional scale by Ramsis ( 1971 ) Who studied ground water resources of the Sudan and 




1- The Quaternary to recent superficial deposit 
2- The plio- Pleistocene Umm Rwaba formation 
3- The tertiary basalt 
4- The cretaceous Nubian sandstone formation   
5- The Weathered Basement complex formation 
9  ( Saeed ( 1974 – 1976 ) studied the hydrology of Khartoum state with emphasis on 
hydro chemical condition . He assumed that major water Bearing formation and the 
Alluvial Wadi deposits.  Also he studied the movement of ground water within the 
Nubian sandstone Aquifers, Whish show diverse direction of flow and variable 
hydraulic gradient values, and different values of total dissolved solids (TDS) of the 
strata. He also carried out extensive hydro chemical study and he elaborated the 
theoretical intercalation and possible classification of ground water hydrochemistry of 
Khartoum area  
10  ( The sandstone counterpart, geological & Mineral resources department          
(GMRD) (1979). Carried out a hydrogeological investigation in the area of Khartoum 
their studies included production of depth to basement complex rock map, investigation 
of occurrence of the Aquifers and their distribution and associated hydrogeological 
parameters. 
11  ( Sanosi (1985), focused on irrigation from ground water west Omdurman he found 
that the drought has adversely affected the traditional rain-fed agricultural production in 
Sudan and alternative source for irrigation and agricultural development, must be 
developed. 
12  ( Isaknder et al (1995), described the Nubian aquifer as a tremendous potential of 
good quality ground water which can be economically utilized for sustainable 
agriculture and for combating desertification in Northern Sudan.  
13  ( Farah (1994). Investigation ground water quality and hydrogeological condition in 
Khartoum area, evaluated the groundwater quality in the state based on geological, 




14  ( Besides that there are still many of the work done in the area e.g. Mulu et al (1993) 
they discussed that there is system of horst and graben structures in the western part of 
the part of the white Nile trending in North – west and south East direction depending 
on geomorphological , geological and geophysical studies . 
15  ( Environmental and development service ( EDS ) ( 1990-2000) , they discussed that 
the area far away from the white Nile characterized by only one saturated zone .  In 
addition to this, ground water and Wadies directorate ( 2002 ) carried out some 
investigations on groundwater resources , and suitable sites for drilling were discussed  
1-8 Present work  
1-8-1 Statement of the problem 
  The study area located western part of the capital city of Sudan where the population 
work on agriculture which requires water viability, so this study aims to determine the 
aquifer that have high production where the current used wells are low in product and 
pore in quality some times. 
  Lack of the water in the areas that are far away from the surface water sources (River 
Nile source) requires ground water to be explored and extracted, This will reduce the 
cost of treatment and transportation of the surface water. 
We can formulated the statement of the problem as follows  
 What is the quantity and quality of the ground water in the study area 
 What are the chemical properties of the ground waters in the Nubian sandstone? 
 
1-8-2 Objectives of the study  
The scope of the study is as follows 
1) To determine the geoelectrical characteristics of geological units in the subsurface. 
2) To detect and delicate the geology of aquifer in the study area. 
3) To shed a light in the groundwater salinity, water quality which a parameters.   
4) To focus on the determination of suitable area for well drilling. 







The methodology followed has comprised three principal elements 
1 -9-1 Office work:  
This activity was concentrated on  
a- Data collection                   
b- Review of literature and compilation of basic maps 
c- Collecting of geophysical and hydro-chemical data only (38)  wells carried out by 
)Ministry of irrigation and water resource - director of ground water and Wadies 
laboratory, Geomin for well drilling company – previous works and research’s in the 
area (.  
1 -9-2  Field work:  
 This phase including the following activities :-        
a- geophysical survey (geoelectrical methods have been applied vertical electrical 
sounding teqnique about (58 ) point of VES were carried out in the study area – well 
logging about (61)  as well as their location map was defined.  
b- Confirmation of borehole locations using GPS.        
c- Investigation of local geology at selected sites. 
1 -9-3  Laboratory work:  
a-  Analysis and interpretation of field data using different software’s to analyzing the 
field data like )  Arc GIS 10.2 – Erdass – IX1D – Aquichem –SPSS -  starter – rock 



























Geological Setting of the study area  
 
2-1 General Geology of the Sudan 
The basement rocks in Sudan can be grouped in three major blocks: 
  1. The western block comprise reworked early Proterozoic to Archean units. 
  2. The central block comprise Middle Precambrian basement units. 
  3. The eastern block comprise Late-Precambrian juvenile basement units. 
The late Proterozoic crust in northeast Africa and western Arabia (the Arabian – 
Nubian Shield) was built by the growth and coalescence of several intera-oceanic 
island arcs and Andean-type magmatic arcs to form large continental masses 
(Greenwood et. al., 1976). The arc growth model based on the generally low Sr 
isotopic ratios, the superabundance of volcanocalstic sequences and related sediments, 
the predominance of calc-alkaline igneous rocks and the presence of several ophiolite 
belts (Gass, 1981).  
   Such a sequence of rocks and events obviously supports the modern-style ophiolite-
arc collision accretionary model for the late Precambrian terrains of the Arabian- 
Nubian Shield. This model is also supported by the metallogenic characteristics of the 
shield, that  include epithermal; mesothermal and shear zone related gold 
mineralization and Koroko-type volcanogenic massive sulfide deposits in the arc 
sequences and podiform chromite deposits in the mantle sequences of the ophiolite 
belts (Abdel Rahman, 1993). 
    However, the extent and orientation of the ophiolitic sutures as well as the position 
of the margin of the Nubian segment of the shield, especially in the Sudan is still 
debatable (Berhe, 1990). Some workers consider that the western boundary of the 
shield dos not exceed the River Nile (Stern et. al., 1990; Abdelsalam et. al., 2001).  
 Nevertheless, continuation of Late Proterozoic structures with juvenile basement from 




documented (Schandelmeier et. al., 1990, Abdel Rahman, 1993). The implications and 
significance of these structures are very important for mineral exploration, these 
basins are all rift basins, owing to their existence to the rifting activities of Western 
Central and East African Rift Systems.  
   Excellent and extensive reservoir quality sands have also been drilled.  The oldest 
sedimentary  basins  encountered  so  far  in Sudan  are  of  Cambro  -Ordovician  age, 
These occur within narrow grabens formed by rifting, which preceded consolidation of 
pan African structures  in north and north- western  Sudan )Fig. 2-1(. 
   Much attention has been given to an already explored Mesozoic rift related basin 
systems in south and central Sudan, while the Paleozoic basins in the NW Sudan have 
not been explored. Data from these basins such as surface  geology, regional gravity 
and magnetic which indicate that the basins are deep and filled by thick pile of marine 
and continental sediments during Paleozoic and Mesozoic times e.g. Murdi basin 
(4.5)km depth , and  South Wadi Howar basin (5 – 6 km).                
 





   The  gravity,  seismic  and  drilling  data acquired in interior Mesozoic basins in  the 
central  and  southern  Sudan  indicated  that more than )30000( feet of clastic 
sediments occur  within the deepest central trough of the three major rift basins. 
 
Table )2-1) Geological column of central Sudan )Modified by Vail after 1982) 
Geological units Age References 










Vail )1982 ) 
Upper Gezira formation Awad )1993 ) 
Lower Gezira formation 
Wad Medani formation  Eocene - paleocene Sun oil company  
1989 ) 
Tertiry Volcanic rocks Early tertiary Vail ) 1982 ) 























Hebeikaa formation  Early baremian  
 
Sun oil company 
)1989 ) 
Swagir formation Neocomian 
Abu Gin formation Early Neocomian 
Post Orogenic Igneous 
complex 
Middle and late Paliozoic Vail )1982 ) 
Basement complex Silurian )K – Ar dating ) Sun oil company 




geology of the study areaRegional  22. 
  The study area, which is located west of the Nile is considered a part of the central 
Sudan rift basin ( Fig. 2-2 ), The following geological units have been distinguished in 
the study area which are chronologically arranged from top to bottom as follows :-  
      4 / Cenozoic sedimentary rocks (Quaternary – recent)  
      3 / Tertiary volcanic rocks (Tertiary) 
      2 / Mesozoic sedimentary rocks (Cretaceous)   
      1 / basement complex (Pre Cambrian) 
 




2-2-1 Cenozoic sedimentary rocks )superficial deposits(  
     These are the youngest deposits in the study area and covered the Nubian sandstone 
formation and the basalt, the deposits are subdivided into Aeolian deposits and Nile 
silts. The former are present as qoz and associated sand sheets, which extends from 
Kordofan and the Nile valley, and the latter is composed of fine micaceous sand and 
silts whish deposited annually as suspended load with varying thickness. In some areas, 
the maximum thickness does not exceeding 10 meter. being above the regional water 
table and under the prevailing arid condition ( Whiteman 1971 ) the Qos deposits are 
formed during the Pleistocene time and recently fixed by vegetation ; the remarkable 
example  Qos is Qos Abu Dulu (40 Km West of Omdurman ) . 
Superficial deposits and Wadi deposits have no hydrogeological significance. In few 
areas the alluvial deposits and the Nubian Sandstone formation are covered by 
windblown sands and recent Nile silts. The age of superficial deposits seem to be to 
Recent (Ibrahim Eltaib, 2003). 
2-2-2 Tertiary volcanic rock  
   During the Tertiary era volcanic eruptions occurred with their epicenter At Torriya      
( East west Omdurman city ) with the Cretaceous Nubian sandstone formation. Beside 
that there is few outcrops of basalt in the study area (such as Jebel Torriya , which is 
now quarried for road and building material ) 
   This rock type in the investigated area assurance accrued in the west of Markhiyat and 
south west Omdurman they included basic and acidic Extrusive materials. 
2-2-2-1 Basaltic rock  
    Basalt in the study area were studied by many others )Saeed 1974, Qureshi et al 1966, 
Yusuf et al 2000) , referred to the localities of the basaltic rock in and the around study 
area and others occurrence of the basalts in form of sills encountered in different bore 
holes such Omdurman hospital bore holes that observed existed as outcrops sills and 




masses North an NE of it , basalt of J.Torriya comprising two the surface flow separated 
from each other by a period of chemical Weathering . 
   According to Qurashi et al. (1966), Torriya basalt forms a saucer – shaped intrusion 
About 2 Km cross with part of Nubian sandstone roof still preserved. According to Omer 
(1983), the basalt of the study area is volcanic rock of Cenozoic age, extrusive or hypo 
basalt basically traverse (vertically or horizontally) commonly the Nubian sandstone 
formation. 
  This basalt which is emplaced as intrusive sills in sedimentary loose material causes 
thermal metamorphism to the surrounding sedimentary rocks. 
   As a result the permeability and the porosity of sandstone have been reduced and 
ground water quality and quantity have been effected According to the data recorded 
from the lithology of some bore holes at Omdurman area the basaltic thin layer vary in 
thickness and in its depth, e.g. at Omdurman hospital is about 138 meter, while at Gadien 
the well tap the basalt at a Depth of 44 and 47 meter ( Farah 1994 ) . at Omdurman 
industrial area its only 6m deep and thickness exceeded 100m (Mula and Hassan, 2000). 
The acquired data proved that basalt is massive and very hard therefore it is difficult to 
be penetrated by rotary drilling method. 
2-2-2-2 Acidic rocks  
  Acidic rocks in the area were exposed in the region west of AL-Markhiyat and J.Umm 
Gulu there are elongated outcrops of Quartz feldspar porphyry sub volcanic rock, 
trending NW – SE intruding the Nubian sandstone formation and stand up to 10m above 
of the surface , the rock composed of Quartz observed as glass in fine grained ground-
mass and columnar joints. 
2-2-3  Mesozoic sedimentary rocks  
    They cover about one third of the surface area of Sudan and comprise major groups 
of the above mentioned units in the study area. The Sedimentary formations extend from 
the Egyptian-Sudanese border at latitude 22° N to Kordofan State as far as latitude 12°N 
and in the East -West direction they extend from Chad -Libyan -Sudanese border as far 




  The term Nubian sandstone was introduced by Russerger 1937) desecrated to the 
Palaeozoic and Mesozoic sandstone of Nubian Dissert south Egypt , and the term 
Nubian series was first used by Beadnear )1990) Saeed )1964) used Nubian sandstone 
as formational name  for rocks having similar lithology in The Nubian area . 
  Klitzch and leijal )1984) and Sigures )1990) Ellamine )2001), classified the Nubian 
sandstone Formation into three cycles  Lower , Middle and Upper cycle; and suggested 
more than 20 formation proposed of Gambro – Ordovision to Tertiary age wycisk et al 
)1990 ) defined two depositional styles :- 
A) Due to the moderate crust warping these Cratonic sheet coast formed predominantly 
by vertical and lateral stacking of fluvial sandstone bodies of breded river system, 
and river of flow sinuosity are of extensive Arial distribution . 
B) Alluvial clastic wedges, the development of Alluvial fans in transition to the Alluvial 
plains with intercalated lacustrine deposits usually restricted to reactivated fan zone 
and vertical blocks in intra-eratomic Erabben . 
C)  
    German at al )1990) lidded the possibility of Economic production of the mineral 
deposits in the Nubian sandstone formation such as Iron bands, ferric rete caps , and 
beds of fluviatile Oolitic ironstone  bauxite formation and kaolinite .  
  
2-2-3-1 Omdurman Formation 
   The later subdivisions of Omdurman Formation by Bireir (1993) and Awad (1994) 
are adopted with the previous subdivisions to avoid the confusion associated with the 
term Nubian Sandstone Formation. 
   The surface and the subsurface sedimentary rocks in the study area belong mainly 
to five characteristically different formations, the Upper and the Lower Omdurman 
Formations, and Edelkhiel Formation. The Upper Omdurman Formation represents the 
surface sediments as described by Bireir (1993). The Lower Omdurman Formation 
occupies most of the subsurface sediments except the area included between the Niles 
which is occupied by the Upper Gezira Formation. 




  Kheiralla (1966) used the term Merkhyiat Sandstone in Khartoum region for the 
sedimentary rocks near Omdurman City which comprise high clay-silt content of 
pebbly nature. In a recent study )Table 2-2).  
Table )2-2) lithological type in the study area – source )kheralla 1966) 
FORMATION LITHOLOGY THICK)m) AGE ORIGIN 
Superficial 
deposit 
Clay – silt – mud 
sand – Nile alluvial ) 
1.5 Quaternary Continental 
wind-blown 
sand 














Granite – schist- 
gneiss 
 Precambrian  
 
Awad (1994) classifies Omdurman Formation into two members:  
1 -  Umbadda member  (subsurface sediment ) 
    It represent sub surface sediments which consist of fining upward sandstone sequence 
and cover most of the study area this member is characterized by fine-grained sandstone 
of various colors ( brownish – grayish an light grayish) they are moderately sorted 
composed of sandstone siltstone with subordinate claystone and associated occurrence 
of shale , the cementing materials are mainly Kaolinite iron oxide , clay minerals and 
pedogenic carbonate . According to Awad and Schrank  ( 1990 ) this member is 
interpreted as the deposit of meandering streams with well-developed over bank 
sedimentation and/or deposed of small pounds and shallow lakes. The age proposed by 




2 -   Merkhiyat member 
   This member which is represented by outcrops sedimentary sequences, exposed in 
many localities and scattered as isolated inselberg and deposited in braided plain 
environment perhaps in distal reaches of alluvial fun ( Awad 1994), the typical type of 
this member is J.Al Markhiyat, whish spread over a wide area in north and west 
Omdurman area and mainly consist of conglomerate , pebbly sandstone ( medium to 
coarse grained ) siltstone and shale , these out crops are moderately to highly consolidate 
with nature of sedimentation  which is mostly siliceous and ferruginous the age of this 
member proposed by (Awad 1994 ) is to be of ( Turonian – early Semonian ) Table )2-
3), the Omdurman Formation represent the main water bearing strata Formation in the 
study area and generally represent  the only aquifer but locally in the southern part of 
the area two aquifer where identified separate by thick layer of mudstone . 
Table )2-3) The classification of Omdurman formation after ) Awad 1994) 
                                                       
Members 
 










Lower Omdurman formation is 
mainly fine & contain less coarse 
granite, fractions, siltstone it’s 
compact and poorly sorted. 
Upper Omdurman formation 
comprises the coarse & mush less 
fine grained poorly too moderately 
sorted )white man 1971 )  
Age Albian – cenomanian 
)shrank & MZ - Awad 1993 ) 
Cenomanian - Turonian 
Depositional 
environment 
Fluvial lacustrine condition 
)wycisk at al   1971 ) 




The sedimentary rock rave 
almost fining up sequences and 
the cyclist is more or less 
developed has that of the upper 
Omdurman formation. 
Cross bedding of both planer, and 
trough type, horizontal lamination 





2-2-4 Basement complex 
   The basement complex is used to embrace all formations older than the Nubian 
Sandstone, the oldest rocks are Exposed in North Eastern Africa and consist of gneiss 
and schist of Precambrian Age )Vail 1978 ) , The basement complex and around the 
Study Area is exposed in outcrops in many locations such as the Sabaloka inlier in the 
North and the Botana plains in central East and from Sinnar to the jebelin especially 
J.Moya south to west of the White Nile between Omdurman and Eldieume in south west 
and West, The occurrences are usually surrounding by Younger Rocks at outcrops ore 
Isolated consequently Jabels. 
    According to the previous Studies ) Whiteman 1971, Saeed 1974, Vail 1978, Almond 
1980; Dawood and Saddig 1988) The basement complex comprises granulite , 
Amphibolite , Quartzite ; Migmatites and foliated batholithic granite. 
  The basement complex has been used to include all the formations older than the 
Nubian sandstone formation.  Kherallah ( 1966 ) , stated that the basement complex has 
been used to describe undifferentiated crystalline metamorphic , foliated and non-
foliated , intrusive to extrusive acidic to basic igneous rocks )Andrew ( 1948 ) and vail 
( 1978 )(. 
   The name basement complex is used to include those igneous , metamorphic and 
sedimentary rock that are overlain by horizontal and sub-horizontal  Palaeozoic or 
Mesozoic sedimentary and igneous rocks , and is assumed to be mainly of pre-Cambrian 
age to Cambrian in the study area£ basement out crops was not encountered , its 
accordance beneath   the sedimentary rock and recent deposit (Whiteman  1971 ). 
2-3 Structural geology of study area  
   Earth movement is in the form of faults and fractures that present through out of the 
study area in surrounding area according to Mula ( 1971 ) in Jebel Awliya located south 
of the Khartoum , NNW trending faults have displacement of More than 1200 meters , 
Also According to Almond ( 1967 ) and Dawoud (1970 ), who studied the northern part 




displaced the Nubian sandstone formation and the basement complex , and that the 
faulting of the Nubian sandstone formation has the same earlier fault direction and thus 
considered as rejuvenation along earlier planes of weakness  in the bed rock in the south 
west of Omdurman city and about 20 Kilometres of J. Madaha faults show comparable 
magnitude to that of the Jebel Awliya faults ( Idris 1971).  The study area is known to 
be a complex system of faulting which developed during the evolution of the rift basins 
of the central Africa rift system. 
     The majority of the faults (major or minor) are trending northwest – southeast with 
subordinate northeast- southwest.  Generally the fault can be recognized on the ground 
by the stratigraphic dislocation, brecciation iron mineralization and silicification whish 
is highly developed along joints planes in the Nubian sandstone formation (Ellamin 
2001), it’s evident that this complex structure situation has played an important role in 
the identification of the Aquifer zones and ground water properties in the study area  
(Ibrahim Eltaib, 2003).  
 
2-4 Sudan rift basins 
  The Sudan rift basin lie in the western parts of central Africa rift system, which Extends 
from Benwue trough in Nigeria rift basin in Eastern Sudan ) Brown  & Fairhead 1983) , 
Sudan rift basins are mainly intracontinatinal basins bordered on all sides by orogenic 
terrain , they are characterized by thick non-marine classic sequence of Jurassic, 
cretaceous and tertiary age Shull) 1988).        
    Brown et al )1985) proposed the nature of the Khartoum basin terminated the rift 
basins in Sudan ; but Bassert et al )1990) recognized that the boundary  to be located 
directly North of Wadi Elmilik fault )fig. 2.4( .  
 
2-4-1 Khartoum basin  
   Khartoum basin in the NW-SE Trending rift basin liest in the eastern part of central 
Africa rift system )Jorgenssen & Bosworth 1989), it’s a large elongated basin aligned 
in NW-SE and is bordered to the North by the Sabaloka basement complex and to the 




  From Gravity study the Khartoum basin is an eastward tilted half graben with a major 
north-south trend bounded fault. The maximum depth is approximately 1950 m , the 
rifting was followed by an early Cretaceous to early Tertiary post rift sag. The former 
Sudan Sun oil Company explored it in 1982, the Khartoum basin is characterized by 
thick non marine clastic sequences which includes thick lacustrine shales and claystone, 
fluvial and Alluvial sandstone and conglomerate )Schull 1988). 
   Global tectonic processes which led to the separation of Madagascar from Africa and 
the Opening of the Indian Ocean and opening of the south Atlantic during the middle 
Jurassic/Early Cretaceous seem to have influenced the tectonic stratigraphic 
development of the basins. Generally the Khartoum basin consists of many formations 
which all date back to Cretaceous except the Gezira formation that is of Tertiary age; 
One of these formation is Omdurman formation which is the most important, especially 
the Markhiyat member for the area under study Fig )2-2).  
 
































3-1 Resistivity method 
3-1-1 Theoretical background   
   The electrical resistivity methods are much used in searching for groundwater and 
generally its described to have an idea of rocks with in survey area because the electrical 
anomalies of subsurface conductors depend on the electrical resistivity contrast between 
the conductor and the host rock the presence of the water and its chemical properties 
control the flow of the current trough the bed strata , and the resistivity increase of 
porosity hydraulic conductivity water content and the water salinity. In general the 
method is able to map different stratigraphic units in a geologic section as long as the 
units have a resistivity contrast. Often this is connected to rock porosity and fraction of 
water saturation of the pore spaces. . 
  According to zohdi (1965 ) the resistivity values are Effected by many parameters such 
as quality and quantity of groundwater the thickness of the aquifer the type of the water 
whether it is salinity or brackish fresh or contaminated with toxic waste as example clay 
and shale have low resistivity value , dry sand and gravels have high resistivity than 
saturated ones; and fresh basalt shows higher resistivities than weathered ones. The 
lateral variation in resistivity is most likely due to lateral lithological changes. 
    Resistivity value are obtained by two different surface exploration methods, that first 
one known as the vertical electrical sounding ( VES ) ; which was used in the field work 
of this study . And this methods is used to delineate the depth of subsurface strata, the 
second one is Electrical profiling which is usually used for searching for ore bodies, 
faults or fault zones, and for delineating the boundaries between the strata. 
   The resistivity is defined as (the ratio of the voltage to the current density over the 




described the change in potential resulting from the flow of current throw the resistor 
)Fig. 3-1 ).      
 It is given by ohm’s low equation that is  
                                     R = V / I 
Where  
R - Is resistivity  
V - Is voltage and  
I - is the current  
 
Fig ) 3-1 ) The electrical resistivity method in the field 
 
   According to corollary of ohm’s low if we consider the  uniform Electrical current 
flowing through homogenous  cylinder in the direction of its axis , the resistance will be 
proportional to the length (L) and inversely proportional to the cross section area (A) 
R= ρ L / A 
And by rearranging this expression we can express the resistivity as  





ρ      is the characteristic resistivity of the geological medium 
A      is the unit cross-section area 
L       is length of cross-section 
  The constant of the proportionality (ρ) is numerically equal to the resistance between 
opposite faces of cube of unit dimension cut for material 
      The unit of the characteristic resistivity can be expressed in unit of resistance X 
length, and the most common unit is ohm meter or ohm-cm and the reciprocal of 
resistivity is conductivity (ϭ) 
ϭ = I / AXV / L 
= J /  E 
Where 
J=I/A = current density and measured in emper/m2 
E=V/L = electrical field and measured in Volt/meter 
And conductivity is measured in ohm-1     or   moho/m   or   moho/cm 
   In the resistivity surveys, a direct current or low frequency alternating current is sent 
through the ground between two metal electrodes.  The voltage loss that occurs as the 
current moves through the ground is measured at another two electrodes placed between 
the current electrodes. 
3-1-1-1 Apparent resistivity: -  
    The apparent resistivity of a layered earth is defined as the resistivity of homogeneous 
Earth .in the multi layered case, the layer resistivities can be derived from the apparent 
resistivity measured as a function of the current carrying electrode spacing x. the 




resistivity of the subsurface but is the resistivity of a homogeneous ground which will 
give the same voltage and current values for the same electrode arrangements.  By 
measuring ∆V and I and knowing the electrode configuration, we obtain an apparent 
resistivity value ρa. which defined as the below equation    
ρa = 2π ) 
∆𝒗 
𝑰
 ) K 
   If the ground is inhomogeneous, the apparent resistivity value will depend on the 
location of the electrodes.  Although it gives some indication of the true resistivity in 
the vicinity of the electrode array, the apparent resistivity value is not an average value.  
Only in the case of a homogeneous ground is the apparent value equivalent to the actual 
resistivity. The relation between the "apparent" resistivity and the "true" resistivity is a 
complex relationship. 
  To determine the true subsurface resistivity, an inversion of the measured apparent 
resistivity values must be carried. Current electrodes are often constructed using 
stainless steel spikes while porous pots are used to ensure low noise levels during 
measurements of the resulting voltage at the inner pair.  

















This expression can be written more conveniently as   




Were K is defined to be the geometric factor.  
Values for K are determined by the geometry of the array according to the expression   




















The Equation can now be restated as    




   
3-1-1-2   Electrode Configurations:-  
     There are many electrode configurations developed for electrical  prospecting , the 
most commonly used arrays today in resistivity surveys are the Wenner, Schlumberger, 
dipole-dipole, pole-dipole However, we shall discuss only the Wenner, Schlumberger 
and dipole-dipole with their geometric factors. These arrays are chosen because they are 
widely used for groundwater, engineering and shallow surveys, and the interpretation 
tools are well developed.  
3-1-1-2-1  Wenner array 
  The Wenner array assumes an equal spacing between electrodes )Fig. 3-2) Assuming 
a constant separation (a) the geometric factor )k( for this array can be calculated 
according to equation 














  giving  













Which simplifies to give             
K = 2 π a 
 
Consequently the apparent resistivity for the Wenner array can be given as:  








Fig (3-2  ) Wenner arrangement 
3-1-1-2-2   Schlumberger array   
    The Schlumberger array is one of the most commonly used arrays for resistivity 
sounding surveys.  Four electrodes are placed along a straight line on the Earth surface 
(Fig. 3-3) in the same order. A M N B , as in the Wenner array. A widely used rule for 
Schlumberger surveys is that potential electrode spacing must be less than 40% of 2L, 
where 2L is the spacing between the current electrodes.  
   In the Schlumberger array the spacing between the current electrodes are much larger 
than the potential electrodes.  The spacing between the current electrodes is gradually 
increased while the electrode spacing between the potential electrodes remains fixed for 
several reading, so the apparent resistivity for schlumberger array ρa can be calculated 
by using the following equation:  














 3-1-1-2-3   Dipole-dipole array 
      The dipole-dipole array consists of a separated pair of dipoles (current and potential) 
with no overlap between the electrodes (Fig. 3-4) This system provides maximum 
flexibility for measurements of potential with no need to relocate the current dipole 
between measurements. If the separations a and b are equal and the distance between 
the centers of the respective pairs is (n+ 1) a, the apparent resistivity determined by this 
arrangement is   






Fig (3-4) Dipole-dipole arrangement 
3-1-1-3 Survey methods   
    Resistivity surveys are conducted using two principal procedures depending on the 
nature of the target.  
3-1-1-3-1 Vertical electrical soundings (VES)  
    The vertical electrical soundings are used to investigate variations in resistivity as a 
function of depth. Surveys of this type may be required for estimates of depth to bedrock 
in civil engineering projects or to investigate potential aquifers in groundwater surveys. 
The depth of penetration is controlled according to equation p = 2 π a (∆V / I) by 




   In this method, the center point of the electrode array remain fixed, but the spacing 
between the electrodes is increased to obtain more information about the deeper sections 
of the subsurface, The most severe limitation of the resistivity sounding is that it is 
assumed that the subsurface consist of a number of horizontal layers.   
    A one-dimensional model of subsurface is used to interpret the measurements.  When 
a series of closely spaced resistivity sounding measurements (VES) are taken along a 
straight line, the data can be combined and presented as a 2-D geoelectrical section.  
 
3-1-1-4  Resistivity Curves  
   In the field measurement, the results of VES are presented in form of curves having 
apparent resistivity plotted as function of AB/2 on bilograthmic graphs. These give the 
general variation of ρa with depth depending on the variation of the resistivity in the 
subsurface. If the ground is composed of two layers, the curve rises or falls depending 
on whether ρ2  >ρ1  (Ascending type) The apparent resistivity curve for a three-layer 
structure generally has one of four types typical shapes, determined by the vertical 
sequence resistivity’s in the layers (Fig.  3-5 ).  
a) ρ  <1  ρ2   >  ρ3   ( H - type ).                  b)  Ρ  >1  ρ2   >  ρ3   ( A - type ). 
c) ρ   >1  ρ2 < ρ3   ( K - type ).                  d) ρ  <1  ρ2   <  ρ3  ( Q - type ). 
 





  The K type curve rises from ρ1 to a maximum as ρ2 and then decreases to ρ3 . The 
intermediate layer has highest resistivity compared to the top and bottom layer.  
   The H type curve shows the opposite, it falls to a minimum ρ2 for the intermediate 
layer and rises to ρ3 comparable to ρ1. 
    The A type curve shows the progressive increase of the apparent resistivity, indicating 
that the true resistivities increase with depth from layer to layer.  
   The Q type curve exhibits the opposite effect. The resistivity continuously with 
progressive increase of resistivity depth.   
   These four basic shapes of apparent resistivity curves represent layered structure 
consisting of three horizontal layers. For deep sounding cases in which more than three 
layers exist, for example for four-layer there are eight possible combination like KH-
type, AH-type and in fiv-layer there are 16possible combination of three letters, the 
curves are indicated as combinations of the basic forms given above. Such as KHK 
type, etc … 
3-1-1-5  The resistivity of the earth materials 
   The resistivity of the earth materials varies widely, from very low values to very high 
values. This wide variation depends on different factors such as: mineral composition 
of the rocks, properties such as porosity, permeability and fluids types and content. 
Electric current passes through a material by one of three different modes; electronic, 
dielectric, or electrolytic conduction. 
Electronic conduction :In case of Electronic conduction, the free electrons in a metal 
have a high average speed. When an electric field is applied, the electrons move at a 
much smaller speed Dielectric Conduction:  This mode occurs in insulators, which 
contain no free electrons. Normally, the electrons are distributed symmetrically about a 
nucleus. However, an electric field displaces the electrons in the direction opposite to 
that of the field, while the heavy nucleus slits slightly in the direction of the field.  
The atom or ion acquires an electric polarization and acts like an electric dipole. 




contain free ions. The water molecule is polar, with a strong electric field, which breaks 
down molecules of dissolved salts into positively and negatively charged ions. The ions 
in the electrolyte are mobilized by an electric field, which causes a current to flow. 
Electric charge is transported by positive ions in the direction of the field and negative 
ions in the opposite direction. 
       The (table: 3-1 ) the resistivity of these rocks is greatly dependent on the degree of 
fracturing, and the percentage of the fractures filled with ground water.  The sedimentary 
rocks which are usually more porous and have high water contents normally have lower 
resistivity values. Resistivity values for unconsolidated sediments commonly range 
from less than 1 ohm-m for certain clays or sands saturated with saline water to several 
thousand ohm-m for dry sands, gravels and basalt. The resistivity of sand and gravel 
saturated with fresh water ranges from about 15 to 600 ohm-m. The resistivity of saline 
groundwater is lower than fresh groundwater.  The resistivity of groundwater varies 
from 10 to 100 Ωm depending on the concentration of dissolved salts.  In comparison, 
sea water has a resistivity value of about 0.2 Ωm. 
3-1-1-6  Limitations of the resistivity method  
  The major limitations of the electrical resistivity method are resolution, suppression 
and equivalence. They are all associated with the concept of relative thickness (RT), 
which is defined as the ratio of the thickness of a layer to the depth to the top of the 
layer. As a general rule, the resistivity method cannot resolve thin layers (RT <0.1m). It 
follows that the method can resolve considerable detail near the surface, but can see 
only bulk zones at depth. Usually, the method soundings can resolve no more than six 
to eight layers. Even a reasonably thick layer (0.1 <RT<1m) may not be detected if 
resistivity contrast is inadequate. This is likely to happen with a layer of intermediate 
resistivity which is sandwiched between one layer which is more conductive (less 
resistive) and another layer which is more resistive. Such a layer is said to be suppressed, 
as there may be no hint of the layer in the field data. The interpretation of a multilayer 
sounding curve generally is not unique. This means that a given electrical sounding 




resistivities. Several other limitations are inherent in the conventional methods of 
electrical sounding. These limitations are :   
Table ( 3-1 ) Resistivity of some common rocks, soil materials and rock types 
below the water table.  (After Telford et al, 1990). 
 
Material Resistivity (Ω.m) 
Igneous and metamorphic rocks  
Granite 5 x 103 – 106 
Weathered granite 1 – 102   
Basalt 103 – 106 
Jointed /fracture basalt 1 – 102 
Quartzite 103 – 2 x 108 
Marble 102 – 2.5 x 108                  
Schist 20 – 104          
Sedimentary rocks  
Sandstone   8 – 4 x 103 
Conglomerate  2 x 103 – 104 
Shale  20 – 2 x 103 
Limestone  50 – 4 x 102        
Unconsolidated sediment  
Clay  10 – 800 
Alluvium and sand  3 – 70 
Marl  20 
Wet clay             1 – 100   
Groundwater  
Fresh groundwater  10 – 100 
Brackish water  0.3 – 1                     
Sea water  0.2 




3-1-1-6-1 Principle of Equivalence of K & H-type curves   
      It states that the same VES curve may reflect several geo-electrical sections.  
Consider two sections of H-type curve. If the longitudinal conductance 'S' for both 
sections is equal, then the sounding curves for both sections will be practically identical 
(equivalence by S). The equivalence by S also applies to sounding curves of the A-type. 
Equivalence by transverse resistivity ' T ', consider two sections of K-type curve. If the 
T for both sections is equal, then the sounding curve for both sections will be practically 
identical. This type of equivalence also applies to Q-type curves.  ) Battachyarya and 
Patra , 1963(.   
3-1-1-6-2  Principle of Suppression  
   This principle explain the disappearance of layer in the sounding curve, if the 
thickness of a layer is very small compared to the total thickness, and the resistivity 
contrast is also very small. The effect of the layer in the sounding curve is so small or 
suppressed; therefore the layer may not be detected unless drilling method is used 
)Battachyarya and Patra , 1963(.   
3-1-1-6-3  Principle of Anisotropy   
   In these cases, the resistivities measured along two perpendicular directions are not 
equal. The coefficient of anisotropy (λ) can be define as   λ = (ρt / ρl)1/2 The value of 
'λ' is estimated by dividing the interpreted thickness of a layer by the real thickness 
obtained from borehole. Electrical Resistivity Noise: Cultural noise:  Ground structure 
such as fences' lines and pipe lines redistribute the current from ground wire source so 
that part of the current flows through the cultural structure. This can cause a spurious 
resistivity anomaly. Cultural structures can also introduce noise into the measurements.  
For example strong noise voltages are present in the vicinity of power lines.  To remove 
such noise, a filter is required at the front end of the receiver.  Pipe lines often carry 
electrical current for a cathodic protection, and this current can be a source of electrical 




noise caused by the near surface features can obscure the anomaly due to the target in 
the bedrock. Anomalies due to geological heterogeneities can obscure, or partly obscure, 
the anomaly due to the target sought  ) Battachyarya and Patra , 1963(.   
3-1-2 Field techniques  
    The study area visited three times to conduct fieldwork. The first field trip in March, 
2018, the second trip in April 2018 and the last trip it was in March 2019. It took a total 
of 5 weeks to cover the study area. ABEM Terrameter (model SAS300 & SAS4000) 
were used for the resistivity measurements.  Before embarking on resistivity survey, it 
is necessary to have proper planning. The first thing to consider is the choice of an 
electrode array for the particular problem to be investigated. All available geological, 
geophysical and hydrogeological information were collected and studied carefully 
before going to the field. 
  In the study area )54( vertical electrical sounding (VES) where conducted (table.  3-2( 
using schlumberger electrode arrangement  ( fig. 3-6  ) shows the location of  the VES 
points. A maximum half separation ( AB/2 ) equals )700 – 1000( m , and the VES point 
located by using GPS .  
 




Table  ( 3-2 ) Showing the VES location in the study area 
VES 
N0 
Longitude Latitude  VES 
N0 
Longitude Latitude  VES 
N0 
Longitude Latitude 
1 381548.87 1781332.92  19 379579.73 1782624.08  37 390689.3 1776835.8 
2 380646.98 1781224.04  20 378649.25 1782501.39  38 390817.9 1775035.8 
3 379774.04 1781108.95  21 377689.99 1782378.79  39 389275.1 1775807.1 
4 378829.03 1781001.05  22 376185.69 1782313.72  40 387475.1 1775978 
5 377891.92 1780892.92  23 382906.66 1783808.8  41 388203.6 1774607.3 
6 376398.3 1780708.05  24 384249.13 1783787.03  42 378089.5 1779321.5 
7 382877.33 1781737.57  25 376675.3 1780007.2  43 377961.01 1777264.4 
8 384742.11 1781693.84  26 376889.6 1777992.9  44 381775.2 1774821.5 
9 381462.93 1782179.3  27 387046.5 1784550  45 378303.86 1774907.31 
10 380560.7 1781960.46  28 387560 1785407.13  46 379803.8 1779450.09 
11 379673.7 1781852.21  29 389196.5 1784464.2  47 381903.8 1779278.6 
12 378743.01 1781736.82  30 389103 1783135.7  48 382589.5 1777821.5 
13 377798.13 1781628.62  31 388546.5 1780392.9  49 380275.2 1778164.3 
14 376329.33 1781607.59  32 390560.8 1778164.3  50 380060.9 1776193.003 
15 383046.85 1782602.8  33 389060.8 1778978.6  51 383703.7 1776193 
16 384754.78 1783050.31  34 386960.8 1779492.9  52 385760.8 1778207.3 
17 381361.42 1782832.38  35 387175.1 1779492.9  53 385032.3 1777778.6 
     
    The Omdurman Formation is characterized by rapid facies changes and thickness 
variation with lenses of clays and sand, Schlumberger array has reasonably good 
horizontal and vertical resolution and a relatively large effective depth of exploration. 
Thus this array was chosen for the field surveys in this research. To ensure a penetration 
of up to 300m, a maximum current electrode separation of 2000 to 1800m was reached. 
However, depth of exploration using electrical methods is optimal when the general 
subsurface conditions are higher in resistivity (i.e. dry sand) and decreases as overall 




3-2  Open hole logging 
3-2-1  Theoretical background   
   Geological log constitutes a detail record of the geologic formation penetrated by a 
borehole by visual inspection of samples brought to the surface. It describes the 
underground features in relation to depth, thickness and type of formation penetrated by 
the borehole. On the other hand geophysical log involves physical measurement of the 
geologic formation made by instruments lowered into the hole. Geologic log and 
geophysical log constitute the practice of well logging. Geophysical logs provide a 
continuous analog or digital record that can be used to interpret lithology, bed thickness, 
potential aquifers or confining units, permeability, porosity, bulk density, hydraulic 
resistivity, moisture content, and specific yield. The source, movement, and chemical 
and physical characteristics of ground water also can also be inferred  )fig. (7-3 . 
The wireline logging can be divided into two:- 
1- Open hole logging which is based on measurement of the formation electric 
acoustic. 
2- Cased hole logging including measurement of nuclear, acoustic and magnetic 
property. 
  This research will focusing on the open hole logging by using some well logs in west 
of Omdurman city. 
 




   The process of extracting the detailed records of geologic formations made by a well 
or a borehole is called well logging. It helps in gathering the complete information 
including its formation traits and fluid properties. It entails the process of lowering down 
some advanced and accurate measurement probes into the well for measuring the 
required properties. Basically, you need a winch and an electrical logging cable to insert 
the probes into the well. The data collected by the probe can be read on a surface logging 
unit (Hudson, 1996). 
   There are many industries and research fields in which well logs can help in gathering 
accurate data. All you need is the best range of equipment available in the industry. You 
can easily find solutions for your particular applications in any required field (Hudson, 
1996). 
The main applications of well logs are : 
    1(Groundwater drilling for verifying the construction of a well, maintaining the 
quality of water, preventing environmental losses, and complying with the regulations. 
    2(Environmental applications of well logs include a study of borehole geophysics 
for remediation, monitoring of the subsurface, and compliances with environmental 
regulations.  
    3(Well logs are used in mining applications for saving the money required for 
assessing the core characteristics. Also, it helps in reducing the downtimes and 
optimizing the mining sites with a focus on worker safety.  
    4(A wide array of research organizations uses these logs for studying, measuring, 
and defining the properties of rocks and fluids. This helps in the progression of 
scientific knowledge that can resolve the major concerns of many industries.  
   5(The energy companies also use this data for characterizing the reservoirs and 
improving the efficiencies. 






3-2-2 Well log tools  
  geological well logging or wireline logging method involves lowering of sensing 
devises into drilled hole and record some physical parameter which can be interpreted 
in term of characteristic ) physical property ( of the lithological units penetrated by the 
well )Table: (4-3 . 
Table (4-3)  geophysical logging methods –required borehole condition and objectives 




Spectral gamma ray 
Gamma-Gamma)density  (  
Neutron-Neutron )porosity( 
Open and cased holes 
with or withal Fluid  












Open or screened hole 
with fluid  
Lithology -
calibration of 
surface geophysics – 







Open and PVS cased 
hole with or without 
fluid. 




Calliper Open and cased hole 
with or without fluid 
Boreholes diameters  
 




bore hole camera 
optical borehole 
tele viewer 
Open and cased 
borehole with clear 
water. 
Casing or borehole 
condition caving – 
slope and aspect of 




Impeller flow enter 
Heat pules flow enter 
Open and cased holes 
with fluid 
Vertical water 






Open and cased holes 
with fluid 
EC – temperature – 
PH – EH – O2 – 






3-2-3  Field geophysical logging 
    The study area visited many times for the fieldwork and the borehole was logged 
using Robertson Geologging (RG-micro logger II), The well logging has been 
conducted down/up to 800 ft. )Fig.  8-3 ) for 16 wells, and the well points located by 
using GPS. The 9 wells are investigated by Wells Company at the University of Africa 
farm, and the other by Geomen Company. The borehole logs run in investigated area 
include gamma ray )GR log( – electrical resistivity )ER log( and spontaneous potential 
)SP log (. 
 
3-2-3-1 Resistivity logging  
      Resistivity logging measures the subsurface electrical resistivity, which is the ability 
to impede the flow of electric current. This helps to differentiate between formations 
filled with salty waters (good conductors of electricity) and those filled with 
hydrocarbons (poor conductors of electricity). Resistivity and porosity measurements 
are used to calculate water saturation. Resistivity is expressed in ohms or ohms/meter, 
and is frequently charted on a logarithm scale versus depth because of the large range 
of resistivity. The distance from the borehole penetrated by the current varies with the 
tool, from a few centimeters to one meter. 
 




3-2-3-2 Gamma ray logging  
     Gamma rays originated in three sources in nature these are the radioactive elements 
of the  ) uranium group, the thorium group ,and potassium group (  , and the principal 
measurement of gamma ray log is to measure the gamma ray emissions from radioactive 
formation . its good shale indicator since most of radioactive minerals are deposit into 
shale. Sandstone or limestone has relatively lower content of them.  
The uranium thorium and potassium )Abbr.as U, Th & K  ( are common radioactive 
elements contented in the formation, which can be used to estimate shale content.      
 
fig (01-3)  The principal of gamma ray measurement 
 
Application of gamma ray log  
a) Depth correlation 
b) Evaluation of the shale content 
c) Mineral analysis  





fig (11-3)  Application and measurement of GR log 
3-2-3-3 Spontaneous potential log 
  The SP cannot be recorded in air or oil-base muds, since there is no conductive fluid 
in the borehole. Conductive mud is essential for generation of spontaneous potential. 
The principal of SP measurement that it’s a natural occurring potential measured in the 
borehole mud. This potential is created by chemically induced electric current flow     
) fig. 3-12(. 
 
 




Application of SP log  
We used SP data to find: 
a) Depths of permeable formations 
b) The boundaries of these formations 
c) Correlation of formations when compared with data from other analogue wells 
d) Values for the formation-water resistivity 
e) Depositional environments from SP 
       
































       ) Data Interpretation and Discussion ( 
 
      
4-1 Geo-electrical data interpretation  
  The main objective of geophysical work is to delineate the aquifer geometry 
)length, width & thickness (, and to give idea about the quality of groundwater.                           
To succeed on this main objective, it is very basic to analyzes the field data and 
interpret them suitably. 
   A total of (54) vertical electrical soundings point using Schlumberger 
configuration were made throughout the area, and the location of VES point were 
determined by using )GPS-MAP 60Cx( , the sound point are constructed  along  
) 13 profile  ( .Three)3( of them trending) north - south ( and  the other  )10 ( trending 
) east - west  ( which are plotted in  (fig. 4-1).   
 




   After doing the measurement of VES were plotted and then interpreted by using 
two methods of interpretation (qualitative – quantitative) .The results of 
interpretation must be consolidated by geological and hydro-geological 
information available from maps and drilled wells to obtain a more reliable 
geological picture of the subsurface .   
4-1-1 Qualitative interpretation of VES data   
    This method included primary evaluation of the apparent resistivity values by 
using many techniques (Table:  4 - 1), such as:  
  4-1-1-1 Study of curves types   
     This technique of interpretation are gives elementary information about 
number of electrical horizontal for every horizon , for every curves where the 
increase and decrease in the resistivity value for every horizon compared to other 
can be observed through inflection point in the field curves and wish are reflecting 
changes in the electrical properties  (Griffith and king 1981).   
 
Table  (4.1) Qualitative interpretation of the selected Resistivity Sounding Curves. 
V-NO  Longitude  latitude  Layer  
N0  
C- type  V- 
NO  
Longitude  latitude  Layer  
N0 
C-type  
1  381548.87  1781332.92  6  QHKQ  28  387560  1785407.1  7  KHKHK  
2  380646.98  1781224.04  7  HAKHK  29  389196.5  1784464.2  6  HKHA  
3  379774.04  1781108.95  7  HKHK  30  389103  1783135.7  6  HKHK  
4  378829.03  1781001.05  6  HKHK  31  388546.5  1780392.9  5  KQH  
5  377891.92  1780892.92  7  HKHKQ  32  390560.8  1778164.3  6  HKHK  
6  376398.3  1780708.05  6  HAKQ  33  389060.8  1778978.6  6  HKHK  
7  382877.33  1781737.57  8  HAKAHK  34  386960.8  1779492.9  5  HKQ  
8  384742.11  1781693.84  7  HKQHA  35  387175.1  1779492.9  7  HKHKQ  
9  381462.93  1782179.3  6  QHAK  36  389146.5  1777392.3  7  HKQHK  
10  380560.7  1781960.46  6  HAKQ  37  390689.3  1776835.8  6  HAKQ  





12  378743.01  1781736.82  7  HKHKH  39  389275.1  1775807.1  5  HAK  
13  377798.13  1781628.62  7  QHKHK  40  387475.1  1775978  6  HKHK  
14  376329.33  1781607.59  6  HAKQ  41  388203.6  1774607.3  6  HAKQ  
15  383046.85  1782602.8  8  KHKHKH  42  378089.5  1779321.5  7  HKHKQ  
16  384754.78  1783050.31  7  HKHKQ  43  377961.01  1777264.4  6  HKHK  
17  381361.42  1782832.38  7  HKHKQ  44  381775.2  1774821.5  7  HKHKQ  
18  380459.71  1782724.4  5  AKQ  45  378303.86  1774907.3  7  HKHKQ  
19  379579.73  1782624.08  6  HAKQ  46  379803.8  1779450.1  6  HKHA  
20  378649.25  1782501.39  6  HAK  47  381903.8  1779278.6  7  HKHKQ  
21  377689.99  1782378.79  5  AAK  48  382589.5  1777821.5  6  QHKH  
22  376185.69  1782313.72  6  HKHK  49  380275.2  1778164.3  6  QHAH  
23  382906.66  1783808.8  6  KHKH  50  380060.9  1776193.1  6  HAKH  
24  384249.13  1783787.03  7  AKHKH  51  383703.7  1776193  6  HKHK  
25  376675.3  1780007.2  6  HKHK  52  385760.8  1778207.3  7  HKHKQ  
26  376889.6  1777992.9  7  KHKHK  53  385032.3  1777778.6  6  HAAK  
27  387046.5  1784550  5  HKA  54  388418.03  1779450  6  HAKQ  
 
 
4-1-1-2 Apparent resistivity pseudo-cross section    
    The apparent resistivity section or pseudo cross–section, is gives preliminary 
information about the change in the apparent resistivity values with increasing of 
the (AB/2). This information forms the 2-D image (Fig. 4.2), where the horizontal 
dimension (x-axis) represents location of VES points, while the vertical dimension 
(y-axis) represents half current electrode separations (AB/2), (Al-Zeubedi, 2015). 
4-1-1-3 Apparent resistivity maps  
     It is presented by plotting the apparent resistivity value, as registered on the 
sounding curves, at a given electrode spacing and contouring the results, (Zohdy 
and Eaton,1974), (Fig.4.3) showing the apparent resistivity map across profile-1. 
     From the past the qualitative interpretation which includes primary evaluation  




(study the curve types of VES – apparent resistivity pseudo-cross section -
Apparent resistivity profiles –and Apparent resistivity maps)  Table  (5.1). 
 
 
Fig. (4.2) Pseudo cross–section map (across profile -1) 
 
 




4-1-2 Quantitative interpretation of VES data   
 
   This technique have used for determine of the resistivity and thicknesses with 
depth of different horizons, and there are two way in this method both techniques 
are based on comparison between field curves and theoretical master curves (table 
4-3). 
  
4-1-2-1 Interpretation by computerized programs (software)  
    There are many computerized programs using in quantitative interpretation 
Interpex IX1D 3.46 automatic inversion software was used in this interpretation, 
the program calculates the thicknesses of the subsurface layers and gives the 
thickness of each layers except the last layers, which is assumed to have infinite 
thickness.  
  In this work the quantitative interpretation is checked by calibration of vertical 
electrical sounding (VES) with the help of the lithological logs of the borehole in 
formation.  
4-1-2-2 Calibration of  (VES & BH )data :-   
    The resulting VES curve of four sites VES (13, 14, 41, 51) along two cross 
sections(2 and 7 ) are calibrated with the lithological columns of the boreholes 
BH(6, 7, 14, 15) respectively at the cress pounding )figs. (4-4a, b, c, d)( from 
calibration ranges of resistivities of the rocks that composing the subsurface layers 
were obtained as results, the results of the calibration are shown in (table 5-2), 
these results are used were no bore holes information is available.   
  The VES data of the area include several types, which cover a range from )1 to 
> 3000( Ωm. These variations in resistivity may result from the following:   
 The area is covered with rocks that range from Clay to siliceous or ferruginous 
sandstone.   
 The low resistivity may be related to Clay and Mudstone, while the 




 The high resistivity may indicate siliceous or ferruginous sandstone.     
Secondly, most of the permeable rocks in this area are saturated, and therefore, 
these rocks shows intermediate resistivity. 
  other factors such as compaction and anisotropy could affect the resistivity 
values in the study area both vertically and horizontally.  
 
 
Fig (4-4a) Calibration between (BH-15) data and ( VES-41) in section-7, (1568m distance) 
 
 







Fig (4-4c) Calibration between BH-7 data and  VES-14  in section-2  (1552m distance ) 
Fig (4-4d) Calibration between BH-6  data and  VES-13  in section-2  (529m distance) 
 
Table  (4-2) The results of the calibration for some common rocks in the area. 
Rock type  Resistivity (Ωm)  
Clay 2 - 13  
Mudstone   15 -49  
Clayey sand  51 - 70  
Fine sandstone 70 - 125  
Very coarse to coarse to medium sand  150 - 448  
Gravely to very coarse sandstone  450 - 950  














































1  156.7  1.17  70.9  18.6  28.4  33.2  1041  12.01  330.8  51.43  16.1          
2  253.5  0.56  18.05  2.57  2466  5  55.03  13.4  309.9  149.7  293.7          
3  251.9  0.6  16.06  1.97  50.6  0.55  1959  6.95  49.9  15.72  532.2  32.5  290      
4  222.9  0.9  58.25  3.89  243.2  4.39  83.5  42.8  398.2  431.3  221.1          
5  111.5  0.56  19.78  1.13  158.7  2.7  16.8  17.56  1642.5  56.14  191.3  62.6  30.3      
6  56.9  4.45  4.83  4.99  693.2  76.35  6426.5  42.01  506.8  99.07  137.8          
7  59.4  2.16  2.62  0.20  150.3  0.90  14095  8.72  195.5  21.65  0.18  33.6  291  184  1.49  
8  309.9  0.53  58.87  0.88  734.7  0.94  172.5  7.23  21.47  14.72  249.6  192.2  6691      
9  1455  0.44  297.5  13.5  76.9  37.7  311.8  8.51  2958.6  27.27  159.2          
10  131.2  0.65  49  10.3  561  60.4  2332.0  46.6  619.1  194.5  65.48          
11  74.34  0.98  17.54  6.01  112.1  46.4  2622.2  30.64  427  180.2  12.63          
12  327.7  1.29  11.51  2.61  171.2  27.9  409.1  123.9  175.76  157.2  157.1  1282        
13  618.7  0.61  125.2  10.4  8.53  2.01  1930.8  12.12  61.61  70.54  981.5  87.3  337      
14  44.21  1.23  14.24  12.7  243.5  13.73  1836.2  32.7  322.3  189.1  2.24          
15  39.96  1.46  470.7  0.64  1.79  0.6  1715.3  12.58  1.24  2.78  6358  97.2  91.1  5.6  351  
16  220.4  0.69  65.19  3.38  137.5  11.59  29.35  4.1  1023.7  40.6  284.3  182.4  45.8      
17  220.4  0.69  65.19  3.38  137.5  11.59  29.35  4.1  1023.7  40.6  284.3  182.4        
18  19.69  1.92  104.8  33.2  7294  33.7  264.2  159.7  35.81              
19  79.7  3.1  8.9  2.6  258.4  98.78  3331.2  41.6  203.54  108.9  11.66          
20  34.4  0.64  10.71  0.66  75.03  38.4  1254.4  120.8                
21  27.25  5  161.7  9.26  946.6  38.4  20702  15.21  185.1              
22  93.25  1.2  11.07  0.89  1544  4.62  22.27  12.04  1228.4  48.33  174.1          
23  34.85  5.82  1679  10.2  63.7  25.24  13433  24.54  9.53  19.9  333.3          
24  36.9  1.10  65.4  16.3  4348  2.84  89.82  10.22  664.6  23.01  41  56.47  353      
25  63.33  1.5  2.13  0.62  206.1  2.85  7.03  6.98  242.7  213.4  10.5          
26  23.84  1.18  475.2  1.10  3.26  1.87  1158.9  13.64  4.61  16.01  362.1  178.4  6.89      




28  11.17  0.35  126.1  0.76  4.59  0.74  3154.6  8.31  214.69  38.27  679.2  107.5  139      
29  133.8  1.62  19.8  2.39  4744  11.57  14.61  5.05  281.7  197.6  345.9          
30  123.3  2.82  20.78  2.73  1987  9.79  4.20  2.89  4119.1  75.17  245          
31  99.5  12.8  3846  18.  852.6  8.94  238  142.4  1090.7              
32  174.8  0.78  55.7  10.7  2502  15.66  149.9  52.8  1857.5  90.25  150.5          
33  373.6  0.95  148.3  11.8  1821  45.4  516.9  47.7  1339.1  42.75  615.7          
34  382.6  0.72  86.03  12.7  5225  35.9  265  207.8  175.32              
35  260.3  1.15  15.3  2.22  1389  15.93  384.9  21.45  6298  41.19  150.1  158.6  79.1      
36  382  2.02  33.17  4.55  2146  4.07  630.7  6.76  8.56  5.54  2581  59.48  321      
37  179.5  1.91  17.97  1.65  292.6  80.9  2551.8  51.11  392.9  125.4  104.1          
38  106.9  2.21  4.14  1.11  810.3  8.11  36.4  22.53  6114.6  69.05  332.5          
39  63.1  3.95  14.73  2.89  121.3  71.45  14467  43.17  185.6              
40  144.5  2.12  40.17  8.06  1754  13.92  487.45  62.69  12577  32.98  135.8          
41  712.1  2.7  7.22  1.31  739.8  25.19  6918.5  16.88  174.4  195.1  45.07          
42  44.32  0.64  18.88  3.5  340.2  4.52  12.91  49.5  337.9  99.35  0.66          
43  44.31  0.64  18.88  4.76  340.2  2.18  12.91  39.98  337.9  71.20  0.66          
44  136  1.3  18.8  17.6  333.5  14.3  14.8  2.4  22.6  63.9  400.3  122  299      
45  236  1.1  3.6  0.7  119.5  0.8  391.4  6.5  36.7  96.7  455.7          
46  170.9  1.05  9.53  2.95  330.3  5.68  8.7  16.04  92.68  48.9  222.6          
47  179.9  0.3  13.7  4.9  91  3.5  21.2  62.1  176.8  57.3  109.6  109.9  7.4      
48  191.9  1.16  32.28  5.47  9.2  5.15  241.3  26.86  5.48  22.3  441.5          
49  131.5  0.51  62.03  4.65  4.16  4.72  119.11  72.76  296.8  172.8  29.88          
50  657.1  1.09  14.17  20.6  133.7  86.71  835.36  22.61  1.28  23.48  235.5          
51  80.31  0.77  2.39  0.57  81.52  13.02  11.9  33.79  238.8  70.08  13.69          
52  80.31  0.77  2.39  0.57  81.52  13.02  11.9  33.79  238.8  70.08  13.69          
53  91.68  1.69  25.57  14.9  54.93  20.44  532  12.84  6284.8  79.22  250.5          





4-1-3 Geo-electrical sections of the study area  
 
   The interpretation of VES data results were used a 2-D geoelectrical section 
which shows resistivity values and thicknesses. The sections were prepared 
according to the number of  VES points in each profile. It helps to see clearly 
where layer is thin or thick, in this study total of )13 profiles ) vertical electrical 
soundings, and divided in two types of sections  (details cross sections & regional 
cross sections).  
 
4-1-3-1  Regional Geo-electrical sections  
  
   In this part of regional geo-electrical section the objective of the interpretation 
is to transform the raw field data in terms of regionally subsurface geology a total 
of seven profiles sections extends West-East and the distance between the VES’s 
is from  (500m - 3200)m, ) fig .4-6), and the number of (VES & BH) cross sections 
and their directions is determined in (table. 4-4). 




Table ( 4-4 ) A general interpretation of(VES & BH) cross section and their directions 
N0  Profiles 
N0 
N of VES  VES names Layers 
No 




1  Profile -1  (10) VES  V1, V2, V3, V4 , V5 , 
V6, V7, V8, V27,V28  
(6 - 7- 8) -  - 13  Km E - W 
2  Profile -2  (8) VES  V9 , V10 , V11, V12, 
V13, V14 , V15,V16  
(6 - 7- 8) BH (7 & 6) 9.5  Km E - W 
3  Profile -3  (10) VES  
 
V17 , V18, V19, V20, 
V21, V22 , V23,V24, 
V30, V29  
(5 -6 - 7)  7.25 Km E - W 
4  Profile -4   (7) VES V25 , V42, V46, V47, 
V54, V34 , V31  
(5 - 6 ) -  - 12  Km E - W 
5  Profile -5   (7) VES V26 , V43, V49, V48, 
V53, V35 , V33  
(6 - 7) - - - 13.5  Km E - W 
6  Profile -6   (6) VES V45 , V50, V51, V40, 
V36, V37   
(6 - 7) BH (11 & 13) 13  Km E - W 
7  Profile -7  (5) VEs V44 , V52, V41, V39, 
V38  
(5 - 6) BH ( 14 & 15) 10  Km E - W 
 
  Profile 1:  
Profile (1) is located in the Northern part of the study area (Fig. 4-6) and its 
direction E - W, this profile includes 10 VES’S, It has a length of about 13 km, 
Summary of results of Profile-1 is given in (Table. 4-4) and the corresponding 
data curves are shown in )appendix Ⅱ(.  
   The resulting vertical electrical sounding curves correspond six to seven and 
eight-layer cases. The dominant curves type in middle part of profile is  (HKHK) 
type (VES  4,3,1), The first layer with resistivity and thickness ranges between 
(11.17 – 309.3) Ω.m and (0.35 – 4.85) m respectively is superficial deposits, the 
second is mudstone with low  resistivity and thickness of (2.6 – 48.7)Ω.m and  
(0.25–4.9)m  respectively, this layer overlies on medium resistivity layer may be 
dry medium sandstone (150.3 – 734.2) Ω.m and thickness of (175.68 – 242.3 ) Ω.m 
but under the VES(1-3-28)  and VES( 3-27 ) mudstone and ferruginous sandstone 
layer delineated respectively, the fourth is very high resistivity  (1041.68 – 




layer saturated bed may represent the aquifer  with resistivity ranges between  
(195.68 – 506.3) Ω.m and thickness about (38.5 – 162) m, very thick mudstone 
layer, with thickness varies from (140.5 – 303.4) m was delineated under VES( 6- 
5) respectively in the western part of section-1.  
Fig ( 4-7) A combined geological and geoelectrical section in profile-1 
Summary of Profile-1:    
    In general the model show possible groundwater aquifer. The upper part of 
the aquifer is thin in the middle part (VES 21 -7), and very smallest at VES-8 , 
but is thickness at east and west part especially at (VES 27- 28) in the eastern 
of section-1 .  
   The two parts of aquifer are separated by low resistivity zone (‹ 30 ohm-m) 
possibly suggesting saturated clay and mudstone layer. The lower part of the 
aquifer is a thick compared with upper part (120 – 180m). The lower part is 






 Profile 2:  
  Profile (2) is located in the Northern part of the study area (Fig. 4-6) and its 
direction E -W, this profile includes 8 VES’S, It has a length of about 9.5 km, 
and 2 lithological log of bore halls (BH 6  &7) Summary of results of Profile1is 
given in (Table 4-4) and the corresponding data curves are in (appendix Ⅱ).  
  The resulting vertical electrical sounding curves correspond six to seven and 
eight-layer cases, The first layer with resistivity and thickness ranges between  
(39.4 – 327.7)Ω.m and (0.49–146.9) m respectively is superficial deposits. The 
second layer refers to mudstone with low resistivity and thickness ranges 
between )11.6 – 54.4  (  Ω.m and )2.6– 12.6(m respectively, medium sand 
delineated under (VES9-13). The third layer is considered the upper part of the 
aquifer and composed of fine to medium sandstone resistivity and thickness 
about )76.3 – 261.2( Ω.m and )13.7– 60.4(m, and mudstone lens detect in (VES 
15-13). The fourth layer has high resistivity which varies from  (1715.3 – 
2622.2) Ω.m, and thickness between (12.12_46.6) m, the fifth and sixth layers 
is considered lower aquifer part and composed of coarse to very coarse to coarse 
sandstone resistivity and thickness about (175.3 – 519.3) Ω.m and (175.2– 
194.5) m. and The seventh layer has low to high  resistivity which varies from 
mudstone to ferruginous sandstone under the (VES 11) & (VES 12-13-14) 
respectively in depth 325m.  
Summary of Profile-2:    
    In general the model shows possible groundwater aquifer, and the aquifer 
divided into two parts, the upper part is thin especially in the middle part (VES 
9-15), and thickness at east and west varies(10- 75)m respectively .  
  The two parts are separated by low and high resistivity zone possibly mudstone 
and ferruginous sandstone. The lower part of the aquifer is a thick compared 






Fig (4-9 ) Acombined geological and geoelectrical section in profile-2 
 




 Profile-3:  
Profile (3) is located in the middle part of the study area (Fig 4-6) and its 
direction E -W, this profile includes 10 VES’S, It has a length of about 13.7 km, 
Summary of results of Profile-3 is given in (Table 4-4) and the corresponding 
data curves are shown in  (appendix Ⅱ).  
   The resulting vertical electrical sounding curves correspond five to six and 
seven -layers cases, the first layer with resistivity and thickness ranges between  
(19.6 – 133.8)Ω.m and (0.64–5.8)m respectively is superficial deposits. The 
second layer with low resistivity and thickness ranges between (8.9 – 55.45) 
Ω.m and (0.6– 16.26) m respectively is considered mudstone, but the layer have 
no lateral continuity along the profil-3 because of the presence of ferruginous 
sandstone and sandstone layer under (VES23) and (VES18 –21)  with thickness 
(10.2) m and  (9.2 –33.1)m respectively, the third layer is high in resistivity 
(1984 – 7294) Ω.m refer to siliceous sandstone and thickness (2.84 – 38.8) m , 
but under VES (19–20) and VES (17-23) two other layer type was delineated, 
fine to medium sandstone may represent the saturated zone (upper part of the 
aquifer) and clayey sand with thickness varies from (38.4 – 97.8) m and(25)m 
respectively.  
  The fourth layer is aquiclude to aquifuqe layers type have low to high 
resistivity(4.2 – 22.7) Ω.m and (1254.4 – 3333. 2) Ω.m may represent mudstone 
to ferruginous sandstone, with thickness(2.9 – 12.1) m and (15.2 – 85.8) m 
respectively, but in the mid and Eastern part was delineated sandstone  layers 
under VES(18 –24), the fifth and sixth layers are saturated layers represent the 
lower part of the aquifer with resistivity and thickness about (120 – 564.3) Ω.m, 
refer to medium to coarse to very coarse sandstone from depth of (125) Ω.m to 
(293 &320.8) Ω.m to form confined aquifer with the upper and lower layers, 





   
Fig ( 4 -11) A combined geological and geoelectrical section in profile-3 
Summary of Profile-3:    
    In general the model shows clearly one possible groundwater confined 
aquifer between aquiclude to aquifuge layers, and composed of medium to 
coarse sandstone varies in thickness from west to east is smallest in the Eastern 
part than Western part.  
 




 Profile-4:  
   Profile (4) is located in the middle part of the study area (Fig 4-6) and its 
direction E -W, this profile includes 6 VES’S, It has a length of about 12 km, 
Summary of results of Profile-1 is given in (Table 4-4) and the corresponding data 
curves are shown (in appendix Ⅱ). 
  The resulting vertical electrical sounding curves correspond five to six -layer 
cases, The first layer with resistivity and thickness ranges between (63.5 – 419.3) 
Ω.m and (1.13 – 1.67) m respectively is superficial deposits, this layer overlies on 
very low  resistivity layer and thickness of (2.13 – 53.2) Ω.m and( 0.6 –7.33) m 
respectively. The third layer is composed of medium to coarse sand and 
ferruginous sandstone was delineated in under (VES 25), and VES (34-54) 
respectively, the fourth is saturated bed may represent the aquifer  with resistivity 
ranges between (175.68 – 242.3) Ω.m and thickness about (135.5 – 213.4) m 
ferruginous sandstone was delineated under VES 54, with thickness varies 
from(110.5 – 213.4) m, and the fifth layer  is mudstone it is more thickness in 
western part VES 25 and smallest at VES 54 in the eastern part of section-4.   
Summary of Profile -4:  
   The interpreted VES models along profile-4 were combined and presented as 
two dimensional resistivity model. The model shows possible groundwater 
aquifer with two parts. The upper part is thick in the Eastern and thin in the mid 
to western part (VES 25- 42 ( and The lower part is a thick than the upper one 
varies in appear depth from (130 - 200)m  (Fig 5-10). 
 The two parts of the aquifer are separated sometimes by low and high resistivity 
zone suggesting mudstone and siliceous sandstone layers. It thick along the 




Fig (4 - 13) A combined geological and geoelectrical section in profile-4 
 
 
Fig (4 - 14)  A combined geological and aquifer cross section in profile-4 
 Profile-(5):  
     Profile (5) is located in the middle part of the study area (Fig 4-6) and its 
direction W-E, this profile includes 7 VES’S, It has a length of about 13.5 km, 
Summary of results of Profile-5 is given in (Table 4-4) and the corresponding 




  The resulting vertical electrical sounding curves correspond six to seven-layer 
cases, The first layer with resistivity and thickness ranges between )23.8 – 
373.3(Ω.m and )0.64 – 1.69(m respectively is superficial deposits. The second  
layer is in low resistivity (18.84– 52.03) Ω.m and thickness between (4.63– 
14.91) m, and medium sand in grain delineated under VES (26-43), the third 
layer refers to clayey sand under VES (53-43) and become smallest at VES(46-
49) with resistivity and thickness ranges between )4.2 – 10.5( Ω.m and 7.3 ) – 
(10.6  m respectively, but in eastern part there bed with high resistivity under 
VES (33-35-53)  around (75)m thickness.  
   The fourth layer is considered the upper aquifer part and composed of medium 
to coarse sandstone resistivity and thickness about )119.11 – 532.3( Ω.m and 
)12.8– 72.7(m this part appear thickness in VES (26-43-49) and smallest at the mid 
and Eastern part, and there is mudstone lenses was delineated under VES (43), the 
fifth layer is varies in resistivity from low to high refer to mudstone lenses  (10.9-
22.3) m  thickness and ferruginous sandstone (10.9-22.3) m thickness in the mid to 
eastern part of section-5 under VES (26-48) and VES (33-35-53) respectively. The 
sixth layer has resistivity which varies from  (250.5 – 615.3)Ω.m, and thickness 
between  (158.8_178.3)m refers to medium to coarse sand in grain may considered 
lower part of the aquifer , and mudstone layer was delineated bellow VES (43)  
under depth around (150) m, and the last one is refer to mudstone layer extending 
along the section-5 in depth of (290) m.  
Summary of Profile-5:    
    In general the model shows two possible parts of the aquifer intercalated by 
low and high resistivity zone possibly mudstone lenses and ferruginous 
sandstone beds along the section. . The upper part is very thin especially in 




    The lower part is a thick compared with upper part about (180 – 210)m , 
and is thickest at Western part and mid-Eastern part  especially VES(35), and 
smallest at the Eastern part VES(35).  
Fig (4 - 15) A combined geological and geoelectrical section in profile-5 
   
 




 Profile-6:  
 Profile (6) is located in the Southern part of the study area (Fig 4-6) and its 
direction E -W, this profile includes 6 VES’S, It has a length of about 13 km, 
and 2 lithological log of bore halls (BH 11  &13) Summary of results of Profile 
-6 is given in (Table 4-4) and the corresponding data curves are shown in  
(appendix) Ⅱ.  
  The resulting vertical electrical sounding curves correspond six to seven-
layer cases. The first layer with resistivity and thickness ranges between )80.3 
– 382.2( Ω.m and )0.7– 2.02( m respectively is superficial deposits. The second 
layer refers to mudstone with low resistivity and thickness ranges between 
(2.39 – 40.17) Ω.m and (1.65– 20.6) m, in mid-eastern part limestone lenses 
was delineated under BH(13)with thickness around of( 2.02) m, The third 
layer is varies in resistivity from low to high refer to mudstone and ferruginous 
sandstone VES(40-36) at western and eastern part with resistivity of (23.5) 
Ω.m, (1754.5) Ω.m and thickness (65.5) m to (13.5) m respectively, in mid 
part medium to fine sand grain delineated under VES-51 considered the upper 
part  with resistivity and thickness about (91.5 – 285.3) Ω.m and (13.2– 86.7) 
m respectively, The fourth and fifth layers may represent lower aquifer part 
from depth of (150) m to down may composed of medium to coarse sand with 
resistivity value from  (153.2-578) Ω.m, this aquifer penetrated with mudstone 
and Calcareous mudstone lenses along the section-6 under VES( 50  - 40-51) 
and  BH (11-14 )thickness varies  (23.4-33.7) m respectively were the 
mudstone layer is thickness especially under VES(51), in the mid to Eastern 
part  layer with high resistivity which about (2758.6) Ω.m, and thickness 
(32)m under VES(40), also under of BH( 13) limestone lenses was delineated 






Fig ( 4 - 17) A combined geological and geoelectrical section in profile-6 
 
Summary of Profile -6:  
   The interpreted VES models along profile-8 were combined and presented 
as two dimensional resistivity model. The model shows two possible  parts of 
the aquifer. The upper part of the aquifer is thin than lower varies from  (20-
45 )m, and very smallest at eastern part VES (45( . The lower part of the 
aquifer is a thick in the western (VES 36 -37),   than Eastern part (VES 45), 
but is thin in the mid-Eastern part (VES 50). Shown in (Fig 5-13).  
 




   The two parts of the aquifer are separated sometimes by low resistivity zone 
(‹ 20 Ohm-m) possibly suggesting mudstone layer, and other with high 
resistivity zone more than (1818.6) Ω.m to ferruginous sandstone , and 
forming aquitard aquifer type (VES 4) .  
 Profile-7:  
 
  Profile (7) is located in the Southern part of the study area (Fig 5.6) and its 
direction W-E, this profile includes 5 VES’S, It has a length of about 10 km, and 2 
lithological log of bore halls (BH 14  &15) Summary of results of Profile-7 is given 
in (Table 5.4) and the corresponding data curves are shown in (appendix Ⅱ).  
   The resulting vertical electrical sounding curves correspond five to six -layer 
cases. The first layer with resistivity and thickness ranges between (63.13 – 712.3) 
Ω.m and (2.21 – 3.9) m respectively is superficial deposits which overlie on 
mudstone layer with low resistivity and thickness ranges between (4.14 – 14.7) 
Ω.m and (1.11 – 2.89) m, the third layer is composed of medium to coarse to very 
coarse sandstone it can be considered as the upper aquifer part in this area. A 
resistivity of ) 121.36 – 532.3( Ω.m and thickness(8.11 – 71.5) m, under the VES 
)38( mud lenses was delineated with(36.4) Ω.m resistivity and (22.5) m thickness.   
   The fourth layer is varies from high to low resistivity refer to ferruginous layer 
in the Eastern part with thickness (43.17 – 69.5) m under VES(38  - 39) , and 
mudstone lenses in the western part with thickness (45.3 – 76.5) m under VES(44 
– 52) respectively along section-7, also Calcareous Mudstone lenses was delineated 
under BH(14) with about(18) m thickness.   The fifth and sixth layers represent the 
lower part of the aquifer in the area and composed of medium to coarse sandstone 
resistivity ranges between (185.6 – 332.5) Ω.m from the depth of (143) m to down, 
and the aquifer are penetrated with mudstone lenses under the BH(15 -14) with(25) 
m thickness, but is thickness in the western part especially under VES (52)  with 





Fig ( 4 - 19) A combined geological and geoelectrical section in profile-7  
Summary of Profile-7:    
    In general the model shows possible groundwater aquifer with two parts, the 
upper part are thin in thickness compare to the lower especially in the middle and 
western part BH-14 and (VES 44) respectively, and is thickness at east part, but 
have not continuity along the profile because the presence of mudstone and 
ferruginous sandstone.    
 The two parts of the aquifer are separated by low and high resistivity zone possibly 
mudstone and ferruginous sandstone, also limestone bed under (BH-14) The lower 
part is a thick compared with upper about (155 – 200)m , and is thickest at middle 
part  especially VES(41  ( and smallest at the western part VES(52-44 (.  
 




5-1-3.2  Details Geo-electrical sections   
   In this part of details geo-electrical sections the objective of the interpretation is 
to transform the raw field data in terms of details subsurface geology is covered an 
area of the IUA-farm, a total of six profiles sections extends W-E and N –S the 
distance between the VES’s is from  (450m - 850)m , ( fig. 4-21), and the number 
of (VES & BH) in cross sections and their directions is determined in (table 4-5).   
   The following is a presentation of the results of the VES data in form of details 
geo-electrical section.  









VES names Layers 
No 




1  Profile -8   (5) VES V1, V2, V3, V4 , V5   (6 - 7 ) BH (10,8,9)   6.7  Km  E - W  
2  Profile -9   (5) VES V6, V7, V8, V9 , V10   (6 - 7- 8)  BH (7 & 6)  5.5  Km  E - W  
3  Profile -10   (5) VES V11, V12, V13, V14 , V15   ( 6 - 7- 8)  - - -  3.5  Km  E - W  
4  Profile -11   (3) VES V1, V6, V11   (6)  - - -  1.5  Km  N - S  
5  Profile -12   (3) VES V3, V8, V13   (7)  BH (5)  1.8  Km  N - S  
6  Profile -13   (3) VES V5, V10, V15   (6 - 7- 8)  BH  (2)  1.95  Km  N - S  
 
 profile- 8  
  
  This line located in the Northern part of the study area- IUA-farm   (Fig. 4-21), 
extends East – West. It has a length of about  6.7km, and is constructed with 5 VES 
points, VES (17,18, 19,20,21) and 4 boreholes BH (8,9,10,18) sites. The resulting 
of vertical electrical sounding curves correspond to six and seven -layer case, 
Summary of results in Profile8 is given in (Table 4-5) and the corresponding data 
curves are shown in (Fig. 4-22).  
VES - 01:  
    VES-1 is located in IUA-farm (table  4-1) , in a flat area covered by yellow sand. 
is divided into 6 layers (QHKQ type), the first layers is superficial deposit of sand 
and thickness about 1.18m resistivity)156.8(Ω.m, and second one  dry sand 
resistivity )70.9(Ω.m and thickness about )18.6(m is dry of very fine sand clay, 
third layer its thickness )33.2(m is low resistivity of mudstone )28.4(Ω.m, the fourth 
layer has thickness )12.1(m and high resistivity )1041.1(Ω.m represent siliceous 




)330.8(Ω.m, to indicate medium grains size sand and may represent aquifer of 
water, the sixth layer have very low resistivity that may indicate  mudstone layer.   
VES-02:  
   VES-02 is located in IUA-farm table( 4-1), it is in a flat area covered by yellow 
and dry sand and some scattered trees. is composed of 6layers (HKHK type), the 
first layer has small thickness(0.56)m and high resistivity )253(Ω.m superficial 
deposit, and second layer has )2.5(m and )18.5(Ω.m represent mudstone layer.  
     The third one have high resistivity )2466.8(Ω.m and )2.5(m indicating siliceous 
sandstone bed, the fourth layer has thickness )13.4(m and a low resistivity 
)45.5(Ω.m represent mudstone, the fifth and sixth  layers is high resistivity between 
(309.9 – 293.7) Ω.m and thickness ) 149.7 m)– down respectively forming shallow 
and (Fig. 36). Resistivity data and interpretation of Profile 1 including aVES1, 
VES2 &VES3)   
VES- 03:  
   VES -03 is located in IUA-farm (table.  4-1), The type-curve is HAKHK type 
have seven layers; the thin upper two layers represent fine superficial deposits , the 
third one thickness and  resistivity is very low )0.56(m , )49.3(Ω.m represent 
mudstone, the fourth layer has a thickness of )6.9(m and high resistivity 
)1959.2(Ω.m indicating siliceous sandstone, The fifth layer is mudstone thickness 
is )15.7(m and its resistivity is )49.8(Ω.m, the sixth and seventh layer  may represent 
the aquifer, it is referred to sandstone layer of coarse grain and medium to coarse 
grains size respectively, and have resistivity and thickness of (532.2 – 290.7)Ω.m 
, (32.7 – down) m respectively.   
VES- 04:  
   VES-04 is located in IUA-farm (table. 4-1) , it is in a flat area covered by yellow 
and dry sand and some scattered trees. is composed of 7 layers (HKHKQ type), the 
thin upper two layers represent fine superficial deposits, and the third layer has 









   Moderately resistivity )83.5.8(Ω.m and )34.8(m clayey sandstone bed, the fifth 
layer has thickness )89.2(m and resistivity )398.5(Ω.m represent upper aquifer part, 
the sixth  layers is high resistivity )2650.3(Ω.m and thickness )34.8( m represent 
siliceous sandstone bed, the seventh layer is medium to coarse sand resistivity 
)221.5(Ω.m indicating the lower aquifer part .  
VES 05:  
     VES-05 is located in IUA-farm (table. 4-1) ,and divided into 7 layers (HKHKQ 
type), the first and second  layers is superficial deposit and mudstone their 
resistivity and thickness is (111.5 – 19.7) Ω.m , ( 0.6 – 1.2) m respectively. The 
third one dry sand resistivity )158.7(m and thickness about )2.6(m, the fifth layer 
its thickness )56.2(m is high resistivity of siliceous sandstone )1642.5(Ω.m, the 
sixth layer is medium sand has thickness )62.6(m and resistivity represent upper 
aquifer part, the seventh very high thickness from depth of)191.3(Ω.m)140.8(m to 
down and resistivity of )30.8(Ω.m, to indicate mudstone bed. 
   A geological and geoelectrical section constructed from a VES models (Fig 5-
23). In this models the upper and the lower aquifer parts are distinguished. The 
aquifer  in the area consists of sandstone and intercalated sandstone with mudstone 
layers.   
    Along this section most of the resistivity data above the static water level varies 
from low to relatively high resistivity values compared with the resistivity of the 
saturated zone. This is due to the presence of upper clay layer which is 
characterized by low resistivity.  
 Summary of Profile 08:  
   The interpreted VES models along profile-8 were combined and presented as two 
dimensional resistivity model. The model shows possible groundwater aquifer. The 
upper part of the aquifer is thin in the East and West part (VES 1,5 (  . 
And thickness in the middle part (VES 2,3,4), and The lower aquifer part is a thick  




Shown in (Fig 4-24).  
 
Fig  (4 - 23) A combined geological and geoelectrical section in profile 8-8 
   
  The two aquifer parts are separated sometimes by low resistivity zone(‹20 ohm-
m) possibly suggesting saturated clay and mudstone layer. and other with high 
resistivity zone more than (1818.6 ohm-m)refer to ferruginous sandstone , and 
forming aquitard aquifer type (VES 4) .  
 





 Profile – 9  
   This line located in the middle of the study area  IUA –farm )Fig. 4-21) , extends  
E–W. It has a length of about 5.5km, and is constructed with 5 VES points 
VES(13,12,11,10,9)  and  2 lithological log boreholes (BH  6-7) sites, The resulting 
vertical electrical sounding curves along this line corresponds to six to seven and 
eight-layers cases, Summary of results of Profile1is given in (Table. 4-5) and the 
corresponding data curves are shown in (Fig. 4-25).   
  VES - 09:  
   VES-9 is located in IUA-farm table(4-1) , The type-curve is QHAK type have 
six layers; the thin upper two layers represent fine superficial deposits , the third 
one thickness and  resistivity is )37.7(m , )76.9(Ω.m represent fine sandstone in 
grain, the fourth layer has a thickness of )8.9(m and high resistivity )311.8(Ω.m 
refers to water level, the fifth layer indicating siliceous sandstone with very high 
resistivity )2958.6(Ω.m and thickness of )27.9(m, the sixth layer represent the lower 
aquifer part it is referred to medium sand in grain layer has a resistivity )159.7(Ω.m  
VES - 10:  
  VES - 10 is located in IUA-farm table(4-1) , is composed of 6 layers (HAKQ 
type), the thin upper layers represent superficial deposits of sand use, the second 
layer has )10.2(m and )49.5(Ω.m represent mudstone , the third one have high 
resistivity )561.5.8(Ω.m and )60.8(m refer to water table composed of gravely to 
very coarse sand, the fourth layer has thickness )46.6(m and very high resistivity 
)2332.5(Ω.m represent siliceous sandstone layer, the fifth layer refers to lower 
aquifer zone with resistivity of )619.1(Ω.m and large thickness )194.5(m, and the 
sixth layer is clayey sand resistivity )65.5(Ω.m.  
VES -11:   
    VES -11 is Located in IUA-farm table (4-1) ,it is covered by very fine grain 










has thickness )0.9(m superficial deposit, the second one is composed of mudstone 
thickness )6.9(m and resistivity )17.66(Ω.m, the third layer has a thickness of 
)46.3(m and its resistivity is )112.7(Ω.m composed the upper aquifer part may 
composed of fine to medium sand grains size , the fourth layer has thickness 
)30.6(m and high resistivity )2622.4(Ω.m represent the siliceous sandstone layer, 
the fifth layer refer to lower aquifer part resistivity )427(Ω.m and large thickness 
of )180.2(m composed of coarse to very coarse sand in grain, and the sixth layer is 
mudstone with resistivity of )12. 6(Ω.m.  
VES -12:  
    VES -12 is Located in IUA-farm table (4-1) , it is divided into six layers 
(HAHKH type). The first upper layer has small thickness and refers to the 
superficial deposits, the second layer has relatively small thickness )2.6(m and low 
resistivity )11.8(Ω.m represent mudstone layer, the third layer his thickness )27.9(m  
and moderately in  resistivity )171.16(Ω.m composed of fine to medium sand, the 
forth layer with a large thickness )123.6(m and resistivity of about )409.5( Ω.m 
represents upper aquifer part, the fifth layer is in large thickness )157.2(m and 
resistivity )175.6(Ω.m and composed of medium sand grains size and represent the 
lower aquifer part, and the six layer has a high resistivity )1282.7( Ω.m according 
to siliceous sandstone.  
VES -13:  
   VES-13 is Located in IUA-farm table(4-1), it is divided into seven layers 
(QHKHK type), first layer a small thickness and a high resistivity refer to 
superficial deposit the second layer has a thickness )10.8(m and resistivity 
)125.7(Ω.m composed of dry sand, the third layer has a low resistivity )8.7(Ω.m 
and )2.01(m refers to mudstone. the fourth layer has thickness )12.2(m and very 
high resistivity )1930.5( Ω.m according to siliceous sandstone, the fifth layer with 
thickness )70.6(m and resistivity of about )61.5( Ω.m represents clayey sand, the 




)749.6(Ω.m appear to upper aquifer part, and the seventh layer represent the lower 
aquifer zone with a moderately resistivity value )336.7(Ω.m refers to coarse sand  
   The results of geoelectrical section models were correlated with 2 lithological 
logs along this profile (Fig 4.26). The correlation shows a fresh groundwater in the 
Nubian aquifer.   
   This aquifer consists of sandstone and is intercalated with sandstone and 
mudstone layers (70 -150 ohm-m), One aquifer appear in the section with two parts 
and they intercalated with small lenses of mudstone, and sometime with siliceous 
sandstone layers (2563.5 Ωm).  
Summary of Profile-9:    
    In general the model shows possible groundwater aquifer with two parts. The 
two aquifer parts are thin in the middle part (VES 11), and thickness at East and 
West part (VES 9, VES 13) .  
   The two Parts are separated by low resistivity zone (‹ 30 ohm-m) possibly 
suggesting saturated clay and mudstone layer. The lower aquifer part is a thick 
compared with upper part (120 – 200m). The lower aquifer part is low resistivity 
(20 – 50 ohm-m) due to intercalation of mudstone and clay layers.  
 Profile - 10  
  This line located in the Sothern of the study area IUA –farm (Fig. 4-21), extends 
E –W. It has a length of about )3.5( km, and is constructed with 5 VES points VES 
(5,4,3,2,1) and 2 lithological log boreholes BH (6  &7) sites, The resulting vertical 
electrical sounding curves along this line corresponds six to seven and eight-layers 
earth models , Summary of results of Profile1 is given in (Table 4-5) and the 
corresponding data curves are shown in (Fig. 4-28).  
VES -17:   
    VES- 17 is Located in IUA-farm (table. 4-1) , it is covered by very fine grain 
yellowish sand, and subdivided into six layers (HAKQ type). The first upper layers 




Fig (4 - 26) A combined geological and geoelectrical section in profile-9 
 
Fig  (4 - 27) A combined geological and aquifer cross section in profile-9  
  
thickness )4.9(m and resistivity )4.66(Ω.m the third layer has a thickness of )76.3(m 
and its resistivity is )693.7(Ω.m composed the upper aquifer part, may composed 
of gravelly to very coarse sand grains size , the fourth layer has thickness )42.2(m 
and high resistivity )6426.4(Ω.m represent the siliceous sandstone layer, the fifth 
and sixth layer refer to lower aquifer part resistivity (506.8 – 137.8) Ω.m and 
thickness of  ) 99 m)–from )227(m in depth to down respectively, its coarse to very 









 VES -18:  
    VES -18 is Located in IUA-farm (table. 4-1), it is flat and covered by smalls 
trees, it is divided into eight layers (HAKAHK type). The first upper layer has 
small thickness and refers to the superficial deposits, the second layer has relatively 
small thickness )3.2(m and low resistivity )46.8(Ω.m represent mudstone layer, the 
third layer is small thickness )0.9(m and moderately in  resistivity )150.16(Ω.m 
composed of medium sand. 
    The fourth layer has thickness )8.7(m and high resistivity )4095.7( Ω.m according 
to siliceous sandstone, the fifth layer with thickness )21.6(m and resistivity of about 
)195.5(Ω.m represents upper aquifer part . 
   The sixth layer is mudstone his thickness is )33.2(m and low resistivity )0.8(Ω.m, 
the seventh layer represent the lower aquifer very large thickness )184.2(m and 
composed of medium to coarse sand grains size and third layer with value of  
resistivity )291.7(Ω.m, and the eighth layer is of mudstone bed with very low 
resistivity value )1.7(Ω.m.  
VES -19:  
    VES -19 is Located in IUA-farm (table.  4-1),it is flat and covered by small trees. 
Its resistivity curve is divided into seven layers (HKQHA type), first layer a small 
thickness and a high resistivity refer to superficial deposit the second layer has a 
small thickness )0.8(m and very low resistivity composed of mudstone, the third 
layer has high resistivity )743.7(Ω.m refers gravelly with dry sand. the fourth layer 
has thickness )7.2(m and moderately resistivity )172.5 (Ω.m according to medium 
sandstone in grain refers to water table zone, the fifth layer with thickness )14.6(m 
and low resistivity of about )21.5(Ω.m represents mudstone the sixth layer is 
medium to coarse sand in large thickness )192.2(m and resistivity )249.6(Ω.m 
appear to lower part aquifer, and the seventh layer represent the lower aquifer part 





VES- 20:  
  VES-20 is located in IUA-farm (table.  4-1),The type-curve is )HAKQ type( have 
six layers; the thin upper layers represent superficial deposits , the second one 
thickness and  resistivity is )12.7(m , )14.2(Ω.m represent mudstone, the third layer 
has a thickness of )13.7(m and high resistivity )243.8(Ω.m refers to water level 
table, the fourth layer indicating siliceous sandstone with very high resistivity 
)1836.6(Ω.m and thickness of )32.9(m, the fifth layer represent the lower aquifers 
it is referred to medium  to coarse sand in grain layer has a large thickness 
)189.02(m and resistivity )322.7(Ω.m, and the sixth layer refers to mudstone bed 
with very low resistivity )2.24(Ω.m.  
 
VES- 21:  
   VES-21 is located in IUA-farm (table.  4-1), is composed of 8 layers (KHKHKH 
type), the thin upper two layers represent superficial deposits of sand use and dry 
coarse sand, the third layer has )10.2(m and 49.5Ω.m represent mudstone, the 
fourth one have high resistivity )1715.5.8(Ω.m refer to siliceous sandstone, the fifth 
layer has a small thickness )2.6(m and very low resistivity )1.5(Ω.m represent 
mudstone layer, the sixth layer refers to siliceous sandstone with high resistivity of 
)6358.1(Ω.m and large thickness )97.5(m, the seventh and eighth layers composed 
of fine to medium to coarse sand and represent the lower aquifer with resistivity 
(91.5 – 351) Ω.m and thickness (5.6m – down of 120 m) respectively.  
    A combined geological and geoelectrical section were correlated with 3 
lithological logs(BH 8-9-10). Along this profile (Fig 4-29). the Nubian Sandstone 
represents two aquifer upper and lower intercalated and separated by low and high 
resistivity layers refers to mudstone lens and siliceous sandstone a resistivity  (>45 
- 3451) Ω.m respectively.   
Summary of Profile -10:  
 In general the model shows two possible groundwater aquifer with two parts. The 




thickness at east part (VES 20-21).   
   The two parts of the aquifer are separated by low resistivity zone (‹ 30 ohm-m) 
possibly suggesting saturated clay and mudstone layer. The lower part  is a thick 
and salinity compared with upper part (120 – 200m). The lower part is low 
resistivity (20 – 50 ohm-m) due to intercalation of mudstone and clay layers.  
 
Fig (4 - 29) A combined geological and geoelectrical section in profile-10 




 Profile - 11  
       This profile located in the Eastern part of the study area IUA –farm, extends 
(N -S). It has a length of about 1.5 km, and is constructed with 3 VES points VES 
(1 , 9 ,17), they have a same lithology (past described) in profile( 8-9-10) 
respectively.  
    The resulting vertical electrical sounding curves along this line corresponds to 
six-layers case, the first is superficial deposit resistivity range(156.87– 846.5 ) 
ohm-m and thickness (0.4 – 1.17)m, the second is mudstone layer low resistivity 
range (5.3 –32.7)ohm-m and thickness (7.9 – 18.6)m in the southern and northern 
part in VES (1-17) respectively and there is bed composed of medium to coarse 
sandstone was delineated under VES(9) resistivity (279.05)ohm.m and thickness 
(13.5)m , the third is clayey sand with resistivity and thickness(56 – 71.6)ohm.m 
and  (11.3 – 37.9)m respectively, but under VES(1) in southern part mudstone layer 
with low resistivity (28.4)ohm.m, the fourth layer is varying from high to medium 
and low resistivity (1041.1 - 311.8 - 2.4) ohm-m under VES (1-6-7) and thickness 
of (12.1 – 8.51)respectively, the fifth layer may represent the lower aquifer part in 
resistivity range (227.6 – 330)ohm-m and thickness (162.3)m it extending from 
south to north and forming confined aquifer type along the profile-11.  
  The sixth layer may show low resistivity layer suggesting of mudstone lenses in 
northern part under VES-17 .   
Summary of Profile-11:    
    In general the model shows possible groundwater aquifer divided into two parts 
intercalated by low and high resistivity zone possibly mudstone lenses and 
ferruginous sandstone beds along the section. . The upper part of the aquifer is thin 
compared with the lower (74)m in thickness. 
   The lower part is thickness and extend from south to north along the profile-11 
and form semi -confined aquifer type with the upper ferruginous sandstone starting 





Fig (4 - 31) A combined geological and geoelectrical section in profile-11   
 
Fig (4 - 32). A combined geological and aquifer cross section in profile-11 
 Profile - 12  
   This line located in the central part of the study are (IUA –farm) , (fig. 4-21) , 
extends N – S. It has a length of about 3.5 km, and is constructed with 3 VES points 
VES (3 ,11 ,19) and one lithological log boreholes (BH-2) (table 5-5) sites, the 
VES in profile-12 is described and they have a same lithology (past described) in 




  The resulting vertical electrical sounding curves along this line corresponds to 
seven -layers case, the first is superficial deposit resistivity range (34.4 – 
951.9)ohm-m and thickness (0.64– 0.92)m, the second is mudstone layer low 
resistivity range (8.5– 17.5)ohm-m and thickness (0.66 – 6.01)m, the third layer is 
resistivity(75.4 – 112.05)ohm-m suggesting of fine to medium sandstone and 
thickness (38.4– 46.5)m may represent the upper aquifer zone, the fourth layer is 
high in resistivity range (1252.4 – 2622.2)ohm-m and thickness (0.6– 85.7m) it 
extending from south to north and is thin in the middle part of section and thickness 
in the southern & northern  forming confined aquifer type along the profile-11 .  
   The fifth with resistivity(120.4 – 427.2)ohm-m and thickness (0.6– 180.7m)  
layer is composed of medium to coarse sand suggesting the lower aquifer part, but 
there is not continuity in the layer along the profile-12 especially at the middy part 
under VES -13, The sixth and seventh layer may shows possible of groundwater 
aquifer, represent the lower part of the aquifer with resistivity (290.3 – 532.2)ohm-
m suggesting medium to coarse to very coarse sand,  And under the VES-3 there 
is layer with low resistivity (12.63) ohm-m may suggesting to mudstone lenses .  
 
 Summary of Profile-12:    
    In general the model shows two possible groundwater aquifers intercalated by 
low and high resistivity zone possibly mudstone lenses and ferruginous sandstone 
beds along the section. The upper part of the aquifer is very thin especially in the 
mid to southern part (VES 11 - 19) with thickness varying from(50 - 79)m from 
north to south respectively.  The lower part of the aquifer is thickness compare to 
the upper and extend from south to north along the profile-12 and form semi - 
confined aquifer type with the upper aquiclude  and aquifuge layer (mudstone & 
ferruginous sandstone), the aquifer starting in depth (85) m with thickness(235 - 
255) m from south to north respectively and is intercalated with mudstone lenses 





Fig ( 4 - 33) A combined geological and geoelectrical section in profile-12 
 
    
Fig ) 4 - 34)  A combined geological and aquifer cross section in profile-12  
 Profile - 13  
   This line located in the Western part of the study area (IUA –farm), (fig. 4-21) 
extends N - S. It has a length of about )1.95(km, and is constructed with 3 VES 




profile-12 is described and they have a same lithology  (past described) in 
profile(8-9-10) respectively.  
  The resulting of vertical electrical sounding curves along this line corresponds 
five to six and seven-layers case, the first is superficial deposit resistivity range 
(25.27 – 618.7)ohm-m and thickness (0.56 – 5.01)m, the second  is suggesting to 
fine and medium sandstone with resistivity (125.2–161.7)ohm-m and thickness 
(9.26– 10.36)m, this layer has no continuity along of section  in the southern part 
there are mudstone lenses with low resistivity(19.7)ohm-m and thickness (1.13)m, 
the third layer is varying in resistivity from ferruginous sandstone (VES-21) to 
medium to coarse sandstone(VES-5) to mudstone(VES-13) with (1014.6 – 158.7 
– 8.53)ohm-m and thickness (38.4– 2.7 – 2.01)m respectively.  
    The fourth layer is varying from low to high resistivity range (16.4 – 1932.2)ohm-m 
and thickness (17.6)m to (12.12– 15.7m) suggesting fine to medium sandstone and may 
show lower aquifer zone represent the continuity of lower aquifer varying in depth 
(78.1–95.7m) and thickness along profile-13, but there is no continuity especially under 
VES-5 in the southern part mudstone lenses with high thickness and low resistivity 
(30.3)ohm-m and thickness (125)m . 
Summary of Profile-13:    
     In general the model shows possible groundwater aquifer divided into two part 
intercalated by low and high resistivity zone possibly mudstone lenses and 
ferruginous sandstone beds along the section, The upper part of the aquifer is very 
thin with thickness varying from(35- 40)m from north to south respectively.  
  The lower part is thickness compare to the upper and extend from north to south along 
the profile-13 and form confined aquifer type with the upper layer (mudstone & 
ferruginous sandstone), the aquifer starting in depth (65) m to down from south to north 
respectively and is intercalated with mudstone lenses and ferruginous sandstone along 




Fig (4 - 35) A combined geological and geoelectrical section in profile-13 
 
 





4-2  Well logging data interpretation 
 
     Geophysical well logging was conducted at the I.U.A farm which lies at Kilo 70 
in the north west of Omdurman (fig. 4-37). Winlog2 was used to carry out three 
types of log measurements namely; normal resistivity (long and short normal 
resistivities), spontaneous potential (SP) and natural gamma (GR) to log down the 
wells where the total drill depth of the wells was )242.2 (m. The main objective was 
to describe the subsurface lithology of the study area and detect the main aquifer 
zones. Out of 17 wells investigated during this work, )table. 4-6( only eight (8) wells 
were selected and described in detail with respect to the water-bearing layers 
identified through the geophysical data interpretation. 
 
Table (6 -4 )  The conducted bore holes under study – )Wells & Geomin( Company 
N Location - Name Longitude Latitude D . Depth)m( L . Depth)mt( 
1 Well - 1 315111.2 160606.25 242.2 211.8 
2 Well – 2 315139.3 160609.7 242.2 219.1 
3 Well – 3 315207 160613.2 242.2 218.2 
4 Well – 4 315203.9 160640.2 242.2 219.1 
5 Well – 5 315231.2 160643.8 242.2 219.1 
6 Well – 6 315107.3 160633 242.2 218.2 
7 Well – 7 315028.09 160631.32 242.2 218.2 
8 Well – 8 315443.29 160741.59 242.2 218.2 
9 Well – 9 315504.4 160743.5 242.2 242.2 
10 Well – 10 315439.97 160647.71 242.2 242.2 
11 Well – 11 315307.32 160406.15 224.2 224.2 
12 Well – 12 315333.2 160506.65 242.2 242.2 
13 Well – 13 315636.78 160416 .91 183.3 183.3 
14 Well – 14 315509.62 160307.37 187.8 187.9 
15 Well – 15 315630.54 160317.51 272.7 272.7 









4-2-1 Preliminary interpretation 
4-2-1-1  Well (1) 
    Well (1) has a drilling depth of 800 ft9 )242.4 m(and a diameter of 14 inches. The 
total depth logged down well (1) was 699 ft )211.8 m(. By comparing the lithological 
data obtained from the borehole records with the log chart )appendix 3( , three 
important hydrogeological zones are found, and the cutting description of the 
lithology from well (1) is given in )table. 4-7(. 
 
Table ( 4 - 7) Cutting description from well (1). 
Depth 
Lithology From To 
feet m feet m 
0 0 35 10.6 Top sand soil-yellow 
35 10.6 50 15.2 Compact claystone 
50 15.2 100 30.3 Sandy clay 
100 30.3 315 95.5 Compact claystone 
315 95.5 355 107.6 Fine to medium sandstone 
355 107.6 525 159.1 Clayey sand 
525 159.1 785 237.9 Very coarse to coarse to medium sandstone 
785 237.9 800 242.2 Sticky mudstone 
 
 
 Zone 1 
   The first zone lies between the depths )151.55– 169.69(m. The gamma log shows 
a relatively low value (15 cps) indicating a lower clay content. The formation 
resistivity of both long and short normal resistivity is )107 and 57( ohm.m 




The SP log shows a (-ve  ( mv indicating that the layer contains likely a larger amount 
of fresh groundwater. 
 Zone 2   
   The second zone lies between the depths )181.8– 202.72  ( m with a thickness of 
)181.82(m, The gamma log shows relatively low value ranging from )10 -15 ( cps 
indicating lower clay content. The formation resistivity of both the long and short 
normal resistivities is )90 and 51( ohm.m respectively.  
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 Zone 3 
    The third zone is situated between the depths )212.12 – 230.3(m, with thickness 
of )181.8 (m. The gamma log shows relatively low value of 10 cps indicating lower 
clay content. The formation resistivity of long and short normal resistivity is )93 and 
52(ohm.m respectively. This resistivity reading can be explained with an increase in 
sand content. The SP log shows a (-ve  ( mv indicating that the layer contains a 
potential amount of freshwater (Table 4.8). 
 

















Z-1 500 - 560 107 57 -ve 15 60 Medium to Coarse sst 
Z-2 600 - 660 90 51 -ve 10 – 15 60 V.Coarse to Medium sst 
Z-3 700 - 760 93 52 -ve 10 60 Medium to fine sst 
 
4-2-1-2  Well (2) 
     Well (2) has a drilling depth of )243.8( m and a diameter of 14 inches. The total 
depth logged was )241( m.  By comparing between the lithological data recorded for 
the borehole of well (2) and the log chart, three important hydrogeological zones can 
be identified. A photo of the logging is shown in )appendix 3(  and the cutting 
description is given in table (4-9(.    
 Zone 1 
The first zone lies between depths from )153 to 160 (m beneath the ground surface 
with a thickness of )7( m. The gamma log for this zone shows relatively low value 
indicating a lower clay content while the formation resistivity for both the long and 




values can be taken as an increase in the sand content. The SP log shows a (+ve  ( mV 
indicating that the layer contains a likely larger amount of fresh ground water. 
 
Table ( 4 - 9) Cutting description from well (2) 
Depth  
lithology From To 
feet m feet m 
0 0 50 15.2 Clay sand 
50 15.2 75 22.7 Mudstone 
75 22.7 250 75.8 Sandstone coarse to medium to fine white 
250 75.8 350 106.1 Coarse grain sand 
350 106.1 480 145.5 Gravelly mudstone 
480 145.5 500 151.5 Coarse sand stone 
500 151.5 745 225.8 Very coarse to medium sandstone yellowish 
745 225.8 800 242.4 Fine to medium sandstone 
 
 Zone 2 
    The second zone lies between depths from )163 – 227( m with a thickness of )64( 
m. The gamma log shows relatively low values between )7-12( cps indicating a 
lower clay content. The formation resistivity from both the long and short normal 
resistivities shows an increase from )91 to 108( ohm.m and from )70 to 74 (ohm.m 
respectively.                                                          
    These resistivity values can be explained with an increase in the sand content. The 
SP log shows a (+ve) mV indicating that the layer contains either relatively more 





 Zone 3 
   The third zone lies between depths from )227 to 241( m and has a thickness of )16( 
m. The gamma log shows relatively low value indicating a lower clay content. The 
formation resistivity from both the long and short normal resistivities is 80 and 62 
ohm.m respectively. These resistivity values can be taken as an increase in sand 
content. The SP log shows a (+ve) mV indicating that the layer entertains a likely 
considerable amount of freshwater. 
Table ( 4 - 10) Summary of log interpretation showing the potential zones & log parameters 
 











Z-1 153 - 160 110 66 - ve low 7 Medium to Coarse sst 
Z-2 163 - 227 91 -108 70 - 74 -77 7 - 12 64 V.Coarse to Medium sst 
Z-3 227 - 241 80 62 -74 low 16 Medium to fine sst 
 
4-2-3-3 Well (3) 
     This third well has a drilling depth of )243.8( m and with a borehole diameter of 
14 inches. The total depth logged was )240( m. By comparing the lithological data 
from the borehole of well (3) with the log chart, five hydrogeological zones can be 
identified. A photo of the logging is shown in )appendix 3( and the cutting 
description is given in (table.  4-11(.  
 
 Zone 1 
The first zone lies between the depths from )164 to 180( m, and has a thickness of 
16 m downwards. The gamma log shows relatively low values ranging from 12 to15 




short normal resistivities is 108 and 58 ohm.m respectively. These resistivity values 
can be explained as an increase in sand content. The spontaneous potential log shows 
a (+ve( mV indicating that the layer contains a relatively higher freshwater content.  
 
Table ) 4 - 10( Cutting description for well (3) 
Depth  
Lithology From To 
feet m feet m 
0 0 25 7.36 Superficial deposit, mainly fine sand yellow 
25 7.36 50 15.2 Clayey Coarse sand 
50 15.2 100 30.3 Intercalation of coarse sand and mud – white 
100 30.3 125 37.9 mudstone 
125 37.9 175 53.1 Coarse to very coarse sandstone 
175 53.1 200 60.6 Medium to fine sandstone 
200 60.6 300 90.9 Very fine to medium sandstone – white in color 
300 90.9 440 133.3 Fine to medium sandstone gray in color 
440 133.3 550 166.7 Very coarse sandstone light yellow 
550 166.7 590 178.8 Medium to fine sandstone 
590 178.8 680 206.1 Very coarse sandstone 
680 206.1 725 219.7 Gravelly coarse to Very coarse sandstone 
725 219.7 800 242.4 Coarse to medium  sandstone 
 
 
 Zone 2 
    The second zone lies between depths 182 and )192( m with a thickness of approx. 
)10 ( m. The gamma log shows relatively low value indicating a lower clay content. 
The formation resistivity for both the long and short normal resistivity is 99 – 59 
ohm.m respectively which can be explained as an increase in the sand content. The 
SP log shows a (–ve) mV indicating that the layer is probably a water-bearing zone 




 Zone 3 
The third zone is located between the depths 195 and )205( m with a probable 
thickness of )10( meters. The gamma log shows relatively low values indicating a 
lower clay content. The formation resistivity from both the long and short normal 
resistivity values is )100 and 59(ohm.m respectively. These resistivity values can be 
explained with an increase in the sand content. The spontaneous potential log shows 
a (-ve  ( mV making it a layer with a considerable amount of freshwater. 
 
 Zone 4 
The fourth zone is situated between depths)205 - 208( m, with a thickness of )3(m. 
The gamma log shows a relatively low value of )30 cps( indicating a layer of lower 
clay content. The formation resistivity from both the long and short normal 
resistivity values is )80-60(ohm.m respectively. These resistivity values can be 
explained as an increase in the sand content. The SP log shows a (-ve) mV indicating 
that the layer contains a relatively appreciable freshwater. 
 Zone -5 
The fifth zone lies between the depths )208-238( m downwards with a thickness of 
)30(meters. The gamma log shows relatively low value indicating a layer with a 
lower clay content. The formation resistivity from both the long and short normal 
resistivity values is )80-60(ohm.m respectively which can be explained to be caused 
by a high content of sand. The SP log shows a (-ve) mV indicating that the layer 
contains likely a larger amount of fresh ground water. 
4-2-1-4  Well (4) 
  The fourth well has a drilling depth of )243.9(m, a borehole diameter of 14 inches 
and the total depth logged was )241(m. The comparison of the lithological data from 




A photo of the logging is shown in )appendix 3( and the cutting description is given 
in )table. 4-12(.  




Table  ) 4 - 12 (  Cutting description from well (4) 
Depth  
Lithology From To 
feet m feet m 
0 0 25 7.6 Top very fine sand – yellow 
25 7.6 55 16.7 Coarse to medium sand dark gray 
55 16.7 100 30.3 Clayey sand – yellow 
100 30.3 125 73.9 Coarse to medium sand 
125 73.9 200 60.6 Coarse to very coarse sand 
200 60.6 250 75.8 Sticky clays 
250 75.8 270 81.8 Mudstone gray in color 
270 81.8 300 90.9 Clayey coarse sand 
300 90.9 340 103.1 Clay sand 
340 103.1 400 121.2 Sticky clays 











GR cps Thick 
)m( 
lithology 
Z-1 164 - 180 108 58 -ve 12 - 15 16 V. Coarse sandstone 
Z-2 182 - 192 99 59 -ve low 10 Gravelly sandstone 
Z-3 195 - 205 100 59 -ve low 10 Gravelly sandstone 
Z-4 205 - 208 80 60 -ve 30 3 Fine to coarse sandstone 




 Zone 1 
The first zone lies between the depths )121-140(m downwards with a thickness of 
)19(m. The gamma log shows relatively low values ranging from )7-11(cps. These 
values indicate a lower clay content. The formation resistivity from both the long 
and short normal resistivity values is )127-72( ohm.m respectively. These resistivity 
values can express an increase in the sand content. The SP log shows a (-ve  ( mV 
indicating that the layer contains a considerable amount of freshwater. 
 
 Zone 2 
The second zone lies between the depths from )142-194(m and has an approximate 
thickness of about )52(m. The gamma log shows relatively low values (7 – 15) cps 
indicating lower clay content in the layer of interest. The formation resistivity, as 
read, from both the long and short normal resistivity values shows an increase in 
value from )98 to 133(ohm.m and )58 to 76 (ohm.m respectively. These resistivity 
values can be caused by an increase in sand content in the stratum making up zone 
2. The SP log reads )-74 (m.V indicating that the layer contains a relatively potential 
amount of freshwater. 
 Zone 3 
Zone three (3) occurs between the depths )194-226 ( m downwards with thickness of 
)32(m. The gamma log shows a relatively low value of 14 cps indicating a lower 
clay content. The formation resistivity from both the long and short normal 
resistivity values is )100 – 62(ohm.m respectively. These resistivity values can be 
explained to have been given by an increase in sand content. The SP log gives a 







 Zone 4 
Zone number four (4) is spotted between the depths from )226 to 241(meters 
downwards with thickness of )15( m. The gamma log shows a relatively low value 
of 13 cps indicating a lower clay content. The formation resistivity obtained from 
both the long and short normal resistivity values is )110 and 60(ohm.m respectively. 
From these resistivity values, it can be inferred that there is an increase in the sand 
content of the detected zone. The SP log reads a value of )-76(mV indicating that the 
layer contains a relatively considerable amount of freshwater. 
 











GR cps ThicKness 
) m( 
lithology 
Z-1 121 - 140 127 72 -ve 7-11 19 Coarse to V. coarse sand 
Z-2 142 - 194 98 - 133 58- 76 -74 7 – 15 52 Coarse to V. coarse sand 
Z-3 194 - 226 100 62 -76 14 32 Coarse to medium sandstone  
Z-4 226 - 241 110 60 -76 13 15 Coarse to V. coarse sand 
 
4-2-1-5  Well (5) 
      Well (5) has a drilling depth of )243.9(m, a borehole diameter of 14 inches and 
a total logging depth of )241.7(m. When the lithological data from the borehole 
cutting for well (5) and the log chart are compared, four important hydrogeological 
zones are detected. A photo of the logging is shown in )appendix 3( and the cutting 
description of the borehole lithology is given in )table. 4-14(.  
 Zone 1 
The first zone is situated between the depths )174.24 and 180.3(m beneath the 
ground surface and has a proposed thickness of )6.06(m. The gamma log shows 




detected layer. The formation resistivity from both the long and short normal 
resistivity values show an increase from)99-102(ohm.m and)71(ohm.meters 
respectively. These resistivity values can express an increase in sand content. The 
spontaneous potential log shows a (-ve  ( mV indicating that the layer contains a likely 
considerable amount of freshwater. 
 Zone 2 
The second zone lies beneath the ground surface at a depth of )186.21(m downwards 
with a thickness of )11.9( m. The gamma log shows relatively low values ranging 
from )11 – 13(cps indicating a lower clay content. The formation resistivity given 
by both the long and short normal resistivity values is )80 and 65(ohm.m 
respectively. These resistivity values can be explained to indicate that the layer 
making up zone (2) has a high sand content. The SP log shows a (-ve) mV indicating 
that the layer contains a relatively considerable quantity of freshwater. 
 Zone 3 
The third zone lies between )203.93– 215.75(m beneath the ground surface with 
thickness of )10.83( m. The gamma log shows relatively low values ranging )7 – 
20(cps indicating lower clay content. Both the long and short normal resistivities 
read )92 and 70(ohm.m respectively. These resistivity readings can be taken to show 
a high sand content in the layer detected. The SP log shows a (-ve( mV indicating 
that the layer bears a good amount of freshwater. 
 Zone (4) 
The fourth zone lies between the depths )221.5 – 233.3(m with a probable thickness 
of )11.8(m. The gamma log shows relatively low values ranging between 5-13 cps 
indicating lower clay content. The formation resistivity from both the long and short 
normal resistivity readings is )107 and 76(ohm.m respectively. These resistivity 
values can be explained with an increase in sand content. The SP log shows a (-ve ( 





Table   ) 4 - 14   ( Cutting description from the borehole of well (5) 
Depth   
lithology from  To  
feet m feet m 
0 0 25 7.6 Top very fine sand-yellow 
25 7.6 55 16.6 Coarse to medium sand, gray 
55 16.6 75 22.7 Gravelly sand  
75 22.7 145 43.9 Very coarse sand  
145 43.9 150 45.5 Clay white in color 
150 45.5 180 53.3 Medium to coarse sand  
180 53.3 425 128.7 Very coarse to coarse to medium sandstone  
425 128.7 500 151.5 Gravelly coarse sandstone 
500 151.5 525 159.1 Fine to medium sandstone 
525 159.1 550 166.7 Very coarse sandstone gray 
550 166.7 725 219.7 Very coarse sandstone white 
725 219.7 770 233.3 Coarse to medium sandstone , gray 
770 233.3 800 242.4 Mudstone , sticky 
            
 
















Z-1 174.2- 180.3 99 – 102 71 -ve 10-12 20 Coarse to V. coarse sand 
Z-2 186.2-197 80 65 -ve 11- 13 39.5 Coarse to V. coarse sand 
Z-3 203.9 – 215.7 92 70 -ve 7-20 39 Coarse to medium sandstone  





4-2-1-6  Well (6) 
  The sixth well has a drilling depth of )243.9 (m, a borehole diameter of 14 inches 
and a total logging depth of )240(m. When the lithological data from the borehole 
cutting for well (5) and the log chart are compared, three important hydrogeological 
zones are detected. A photo of the logging is shown in )appendix 3(, and the cutting 
description of the borehole lithology is given in )table 4-16(.  
 Zone (1) 
The first zone extends from 186 and )200(m downwards with a thickness of )14(m. 
The gamma log shows relatively low indicate a lower clay content. The formation 
resistivity from both the long and short normal resistivity values is )80 – 90(ohm.m 
and )40(ohm.m respectively. These resistivity values likely show an increase in the 
sand content. The SP log shows a (-ve  ( mV indicating that the layer contains a 
potential amount of freshwater. 
 
Table  ) 4 – 16   ( Cutting description from the borehole of well (6) 
 
Depth 
Lithology From To 
feet m feet m 
0 0 20 6.1 Gravel 
20 6.1 75 22.7 fine to very fine sand 
75 22.7 150 45.5 Gravelly sand 
150 45.5 260 75.8 Lose of circulation 
260 75.8 300 90.9 Clayey sandstone 
300 90.9 460 139.4 Gravely sandstone 
460 139.4 500 151.5 Coarse to coarse sandstone 
500 151.5 600 181.8 Very Coarse to coarse sandstone yellow in color 






 Zone 2 
The second zone extends from )200-207(m below the ground surface with a 
downward thickness of approximately )7(m. The gamma log shows relatively low 
values ranging from )7-15(cps. These values indicate a lower clay content. The 
formation resistivity from both the long and short normal resistivity values is )75 - 
80 and 50(ohm.m respectively. These resistivity values indicate an increase in the 
sand content. The SP log shows a (-ve  ( mV pointing that the layer contains a 
relatively potential amount of freshwater. 
 Zone 3 
The third zone (zone 3) ranges, with depth, between )204-240(m underground with 
an approximate thickness of )33(m. The gamma log shows relatively low values 
indicate lower clay content. The formation resistivity from both the long and short 
normal resistivity values is )75 - 80 and 50(ohm.m respectively. These resistivity 
values indicate an increase in the sand content. The SP log shows a (-ve  ( mV 
pointing that the layer contains a promising large amount of freshwater. 
 














GR cps Thickness 
)m( 
lithology 
Z-1 186 - 200 80 - 90 40 -ve Low 14 Sandstone 
Z-2 200 - 207 75 - 80 50 -ve 7 - 15 7 Coarse medium  




4-2-1-7  Well 7 
      Well (7) has a drilling depth of 242.42) m(, a diameter of 14 inches and a total 
logging depth 218.18)  (m.  By comparing between the lithological data recorded for 
the borehole of well (2) and the log chart, five important hydrogeological zones can 
be identified. A photo of the logging is shown in )appendix 3(, and the cutting 
description is given in (table. 4-18(. 
 Zone 1 
The first zone extends from 154.5)  and (160.6  m beneath the Earth's surface and has 
a proposed thickness of (6.6)  m. The gamma log shows relatively low values ranging 
from )3 – 7(cps. These values indicate lower clay content. The formation resistivity 
from both the long and short normal resistivity values is )88 – 109(ohm.m and )58 – 
68(ohm.meters respectively. These resistivity values likely show an increase in the 
sand content. The SP log reads values ranging from (-113) – (-115) mV indicating 
that the layer contains a considerable amount of freshwater. 
 Zone 2 
The second zone extends from )166.6 to 172.7( m below the ground surface and has 
a thickness of )6.6(m. The gamma log shows relatively low values )3 – 7(cps 
indicating a lower clay content. The formation resistivity from both the long and 
short normal resistivity values show an increase )88 - 109 and 58 – 68(ohm.m 
respectively. These increases in resistivity values relatively indicate an increase in 
the sand content. The SP log gives values ranging from (-113) – (-155) mV 
indicating that the layer contains a large amount of freshwater.       
 Zone 3 
The third zone (zone 3) ranges, with depth, from )178.8 – 190.9(m underground with 
a thickness of )12.12(m. The gamma log shows relatively low values ranging from 
)6 – 20( cps. These values indicate lower clay content. The formation resistivity from 




These resistivity values indicate an increase in the sand content. The SP log reads (-
102) mV pointing that the layer contains a promising amount of freshwater.  
Table  ) 4 - 18 ( Table 4.11Cutting description of well (7) 
Depth in feet 
Lithology From To 
feet m feet m 
0 0 20 6.1 Clayey wind flow sand 
20 6.1 30 9.1 Clayey sand 
30 9.1 50 15.2 Black sand 
50 15.2 90 27.3 Medium to coarse sand  
90 27.3 100 30.3 Gravel 
100 30.3 120 36.8 Gravel Coarse to medium sandstone 
120 36.8 160 48.9 Sandy gravel 
160 48.9 180 53.6 coarse to medium sandstone yellowish 
180 53.6 215 65.2 Fine to medium to coarse sandstone 
215 65.2 225 68.2 Gravelly sandstone 
225 68.2 255 77.3 Clayey sandstone 
225 77.3 300 90.9 Very coarse to coarse sandstone 
300 90.9 350 106.6 Coarse sandstone gray 
350 106.6 400 121.2 Very coarse sandstone 
400 121.2 500 151.5 Fine to medium to coarse sandstone 
500 151.5 800 242.4 Very coarse to coarse sandstone white 
 
 Zone 4 
The fourth zone lies between the depths )196.9-239.4(m downwards with a probable 
thickness of )42.4( m. The gamma log shows relatively low values ranging between 




long and short normal resistivity readings is )87 and 58(ohm.m respectively. These 
resistivity values can indicate an increase in sand content. The SP log reads (-114) 
mV indicating that the layer contains a relatively large amount of freshwater. 
 Zone 5 
Zone number five (5) is spotted between the depths from )215.2 – 233.3(m 
downwards with thickness of )18.2(m. The gamma log reads a relatively low value 
of 6 cps indicating a lower clay content. The formation resistivity obtained from both 
the long and short normal resistivity values is )87 and 59(ohm.m respectively. From 
these resistivity values, it can be inferred that there is an increase in the sand content 
of the detected zone. The SP log reads a value of (-114) mV indicating that the layer 
contains a potential amount of freshwater. 
 
Table )4 - 18  ( : Summary of log interpretation shows the formation zones log parameters 
 
4-2-1-8  Well 8 
   The )well (8  has drilling depth of )243.9 m( -with a diameter of ) 14 inchs (  the 
total depth logged )240 m( And From compare to the lithological data for bore hole 
and the log chart we can shows five  important hydrological zones, a photo of 
Unit 
No 











Z-1 154.5 - 160.6 88 - 109 58- 68 -113 3 - 7 20 Coarse to V. coarse sand 
Z-2 166.6 - 172.7 88 - 109 58- 68 -113 6 – 8 20 Coarse to V. coarse sand 
Z-3 178.8 – 190.9 82 47 -102 6 – 20 40 Medium Sandstone 
Z-4 196.9-239.4 87 58 -114 5 – 7 40 Coarse medium  




logging is shown in )appendix 3(, and the cutting discretion of samples lithology is 
given in )table. 4-20(.  
   
Table ) 4 - 20( : show the lithological description of well-1 
Depth  Lithology 
from To  
feet m feet m 
0 0 25 7.6 Top very fine sand-yellow 
25 7.6 55 16.6 Coarse to medium sand, gray 
55 16.6 75 22.7 Gravelly sand  
75 22.7 145 43.9 Very coarse sand  
145 43.9 150 45.5 Clay white in color 
150 45.5 180 54.5 Medium to coarse sand  
180 54.5 425 128.7 Very coarse to coarse to medium sandstone  
425 128.7 500 151.5 Gravelly coarse sandstone 
500 151.5 525 159.1 Fine to medium sandstone 
525 159.1 550 166.7 Very coarse sandstone gray 
550 166.7 725 219.7 Very coarse sandstone white 
725 219.7 770 233.3 Coarse to medium sandstone , gray 
770 233.3 800 242.2 Mudstone , sticky 
 
 
 Zone -1 
The first zone is situated between the depths )120 – 141(m beneath the ground 
surface and has a proposed thickness of )21(meters. The gamma log gives a 
relatively low value ranging from 12 cps indicating a lower clay content in the 
detected layer. The formation resistivity from both the long and short normal 




resistivity values can express an increase in sand content. The spontaneous potential 
log shows a (-ve  ( mV indicating that the layer contains a likely considerable amount 
of freshwater. 
 Zone 2 
The second zone extends from )149-168(m below the ground surface with a 
thickness of approximately )21(m. The gamma log shows relatively low values 
ranging from )5 – 10(cps. These values indicate a lower clay content. The formation 
resistivity from both the long and short normal resistivity values is )93- 75(ohm.m 
respectively. These resistivity values indicate an increase in the sand content in the 
detected zone. The SP log shows a (-ve  ( mV pointing that the layer contains a 
relatively potential amount of freshwater. 
 Zone 3 
The third zone ranges, with depth, from )168 – 188(meters under the ground surface 
with a thickness of )20(meters. The gamma log shows relatively low values ranging 
from )5 – 10(cps. These values indicate lower clay content. The formation resistivity 
from both the long and short normal resistivity values is )80-54(ohm.m respectively. 
These resistivity values indicate an increase in the sand content. The SP log reads (-
102) mV pointing that the layer contains a promising amount of freshwater.  
 Zone 4 
Zone 4 is spotted beneath a depth of 208.6 m below the ground surface and has a 
thickness of 26.6 meters downwards. The gamma log shows relatively low values 
ranging from 2 - 7 cps. These values indicate lower clay content. The formation 
resistivity from both the long and short normal resistivity values is 82 and 52 ohm.m 
respectively. These resistivity values indicate an increase in the sand content. The 






 Zone -5 
The fifth zone lies between the depths )214 and 231(m downwards with a thickness 
of )17(meters. The gamma log shows relatively low value )7-10(cps indicating a 
strata with a lower clay content. The formation resistivity from both the long and 
short normal resistivity values is )92 and 68(ohm.m respectively which can be 
explained to be caused by a high content of sand. The SP log shows a (-ve) mV 
indicating that the layer contains a potential amount of freshwater. 
 
















Z-1 120 – 141 100 72 -ve 12 21 C to V.C sand 
Z-2 149 – 168 93 75 -ve 5 – 10 21 Gravelly sand 
Z-3 168 – 188 80 54 -ve 5 – 10 20 Very coarse sst 
Z-4 208.6 – 234 82 52 36.4 2 – 7 26.6 Very coarse sand 
Z-5 214 – 231 92 68 -ve 7 - 10 17 coarse sand 
 
From the preliminary interpretation of the logging data for wells in the study area, 
there are many zones that are hydrologically important. Results show that the water 
in all of the logged wells is a high-quality freshwater. Results also identified that 
there are different layers composed mainly of clay or sand and aquifers lithologies 
are variable from gravelly coarse to very coarse to coarse to medium sandstones 










Thick + litho 
Z-2 
Thick + litho 
Z-3  
Thick + litho 
Z-4 
Thick + litho 
Z-5 
Thick + litho 
CONDITION 
Well-1 ) 151.5 -169.7( )181.8 – 200( )212.1 – 230.3( --- --- Fresh water in 
all zones 
Well-2 )153 – 160( )163 – 227( )227 – 241( --- --- Fresh water in 
all zones 
Well-3 )164 – 180( )182 – 192( )195 – 205( )205 – 208( )208 – 238( Fresh water in 
all zones 
Well-4 )121 – 140( )142 – 194( )194 – 226( )226 – 241( --- Fresh water in 
all zones 
Well-5 )174.2 – 180.3( )186.2-197.8( )203.9 – 215.8( )221.5 – 
233.3( 
--- Fresh water in 
all zones 
Well-6 )186 – 200( )200 – 207( )207 – 240( --- --- Fresh water in 
all zones 




Fresh water in 
all zones 
Well-8 )120 – 141( )149 – 168( )168 – 188( )208.6 – 234( )214 – 231( Fresh water in 
all zones 
 
4-3  Wells correlation 
  The results of the interpreted geophysical well-logs are presented through two 
geological sections-1 in (fig. 4- 39) and cross section-2 in (fig. 4-40). The both 
cross section line are extends east – west was constructed with )4 wells( for itch 
section, these sections and correlation between the wells is to show haw to 




water and in any depth that aquifer, in order to facilitate in the exploration process 
with thin the zone of study area in the future and also the chose the best place to 
drilled. 
  The Omdurman formation )Nubian sandstone( is the major water bearing 
formation in the study area. The drilled wells penetrated the aquifers in the depth 
of )242.4(m, and from the lithology of the wells show that there are no continuity 
of lithology in mainly direction and may be in the opposite direction anisotropic 
layer Moreover they show two formation ) superficial deposits – Nubian sandstone 




   The borehole lithological correlation-1 (Fig. 4 - 39) indicated two formation 
zones ) the superficial deposits – Nubian sandstone( in the four wells )4,5,6,7( in 
their lithological correlation is clear that the area composed of : - 
    1( Unconsolidated superficial deposit of Pleistocene to recent from )3.03-7.6 (m 
of thickness, and it composed of fine sand, silt, clayey sand , there are generally 
referred to the continental wind , blown sands and is covered the Nubian sandstone 
formation and associated sand sheet wish extend from kordofan and Nile valley, 
also there are is catered  hard cemented sandstone in out crops highly consolidated 
wish is mostly siliceous and ferruginous . 
      2( The cretaceous Omdurman formation )Nubian sandstone( is appear in one 
aquifer with two parts )upper – lower( with variation in thickness and depth . 
 Upper aquifer part is from )15.2 – 37.9 (feet of thickness and is characterized 
by fine to medium grained sandstone of various colors ) brownish – grayish ( 
they are moderately sorted composed of sandstone siltstone with subordinate 




 Lower aquifer part appear in depth of)121.2 (m, and from )90.9-121.2 (m, 
of thickness it mainly consist medium to coarse to very core sandstone and 
the layer in this aquifer containing fresh water varying in depth and 
thickness, also this correlation show a continuity of aquifer and 
hydrological connect from east to west direction highly thickness in middle 
part )121.2 (m, and have decreasing in the east and west direction )106.1-
90.9 (m, respectively . 





   The borehole lithological correlation -2 Fig (4-40) indicated two formation zones  
the (superficial deposits – Nubian sandstone) in the four wells (1,2,3,8)  in their 
lithological correlation is clear that the area composed of : - 
    1( Unconsolidated superficial deposit of Pleistocene to recent from )3.03-9.1 (m, 
of thickness, and it composed of fine sand, silt, clayey sand , there are generally 
referred to the continental wind , blown sands and is covered the Nubian sandstone 
formation and associated sand sheet wish extend from kordofan and Nile valley, 
also there are is scattered  hard cemented sandstone in out crops highly 
consolidated wish is mostly siliceous and ferruginous . 
 
 
   The former are present as qoz being above the regional water table and under the 
prevailing arid condition and have no hydrogeological significance ( Whiteman 
1971 ).  And there are layer of clayey sand and mudstone varies in thickness from 
)7.6 – 27.7(m,  ) 30.3 – 75.8( m, in BH )2-3-8( and BH)1(  respectively  under the  
superficial deposit. 
      2( The cretaceous formation )Nubian sandstone( is represent the aquifer in the 
study area divided into two parts )upper – lower( with variation in thickness and 
depth . 
 
 Upper part of the aquifer is appear in the depth of )27.7 m(  and in )45.5m  ( in 
other wells from )15.2-37.6(m, of thickness and is characterized by fine to 
medium grained sandstone of various colors ) brownish – grayish ( they are 
moderately sorted composed of sandstone siltstone with subordinate clay stone 




 Lower part of the aquifer appear in depth of)136.4-151.5(m, and from )65.2-
106.1 (m, of thickness it mainly consist medium to coarse to very core 
sandstone and the layer in this aquifer containing fresh water varying in depth 
and thickness, also this correlation show that there are no continuity of aquifer 
from east to west direction highly thickness in eastern part )106.6(m, and have 
decreasing in the southern part direction )50 (m. 
 




Table )4 – 23 (  Summary interpretation for all wells shows the targets zones 
W.N Aquifer  Depth )m( Thick 
 )m( 
Dth of 
dr   ) m( 
Aquifer formation 
From to 
1 L. part of the aquifer 151.5 233.1 236 242.4 v.coarse to coarse to md ss 
 U. part of the aquifer 250 350 100  Very coarse sand 
2 L. part of the aquifer 136.4 236.4 330 242.4 v.coarse to coarse to md ss 
 U. part of the aquifer 133.3 166.7 110  Very coarse sandstone 
3 L. part of the aquifer 166.7 242.4 250 242.4 Gravelly v.coarse to coarse to md ss 
4 U. part of the aquifer 125 200 75  Coarse to v.coarse sand 
 L. part of the aquifer 121.2 242.4 121.2 242.4 v.coarse to coarse to medium sandst 
 U. part of the aquifer 166.7 172.7 20  Gravelly very coarse sandstone 
5 L. part of the aquifer 164.8 273.6 72.7 242.4 Very coarse to medium sandstone 
7 L. part of the aquifer 134.8 233.3 98.5 242.4 Gravelly coarse to md sandstone 
8 L. part of the aquifer 122.7 198.5 75.6 224.2 Gravelly coarse to v.coarse to md ss 
9 L. part of the aquifer 160.6 177.3 16.7 183.3 Medium to coarse with gravel ss 
10 L. part of the aquifer 142.4 181.8 39.4 187.9 v.coarse to coarse to md with gravel ss 
11 L. part of the aquifer 131.8 180.3 48.5 184.8 v.coarse to coarse to md to fine ss 
12 L. part of the aquifer 142.4 181.8 39.4 187.9 v.coarse to coarse to md to fine ss 
15 L. part of the aquifer 133.3 233.3 100 272.7 v.coarse sandstone yellowish in color 








































 CHAPTER FIVE 
The hydrogeology of the study area 
 
5-1 Introduction 
  In general G.W is one of the important sources of water supply through out of the 
world especially in arid and semi-arid region. This may be attributed to the redaction 
of physical environmental opportunities and hazard for developing additional 
surface water supplies.  
   In the study area as population increased there has been a steady increase in the 
production of G.W in recent year. And the ground water represents the most reliable 
safe surface of water that used for both drinking and irrigation purpose, however in 
order to monitor this valuable resource, the evolution of hydrostatic units (water = 
bearing horizons) and the aquifer hydraulic characteristics are the main objectives 
of this chapter, In general the hydrogeology of the Aquifer depends on some 
parameters and these are  
1) The type of  Aquifer  
2) The regional variability of this hydraulic properties  
3) The associated flow system 
4) The quality of water  
5-2 Occurrence of ground water 
  In the study area groundwater occurs mainly in Omdurman formation the ground 
water in this strata occupies their pores, fissures ; and cracks the ground water in the 
study area is mainly found  in the poorly  cemented sandstone that resource the main 




   The distribution of the water bearing horizon is mainly affected by the presence or 
absence of confining impermeable mudstone or ferruginous sandstone layer in some 
localities (shown in geological and geo-electrical profiles (. 
5-2-1 The Nubian sandstone formation  
 
    Structurally the study area is part of the widely extending Khartoum basin in 
which huge thickness of Cretaceous Formation sediments are deposited. The 
formation is composed mainly of sandstones, mudstones and conglomerates. The 
sandstones are poorly sorted cemented by silica and clay minerals, the mudstones 
are massive, impermeable and cemented by iron oxides or silica , in some areas the 
mudstone occur as lenses intercalated in poorly cemented Sandstone. Generally the 
Nubian aquifer is  
Characterized by good groundwater, both Sandstone. Generally the Nubian aquifer 
is characterized by good groundwater, both in terms of quantity and quality and suits 
domestic, irrigation and industrial uses and the Cretaceous formation in this basin 
are well known to be water bearing horizons.   
5-3   Physiochemical & hydrochemical properties of water 
   The study of the physio-chemical and hydro chemical characteristics of the 
groundwater system has become more meaningful and an integral part of 
hydrogeology. The aim of  these  studies  is  to   evaluate  the hydro chemical  
composition  of    the groundwater  in  the   area  under  consideration   and   to assess 
the  suitable  groundwater for  domestic uses. The study was based on )28( selected 
boreholes with their location )table. 5-1(, the selected to cover the whole area under 
consideration.  
5-3-1 Physiochemical properties 
   The common determined constituents in physio-chemical analysis of water are the 










Well location longitude Latitude  BH-
N 
Well location longitude latitude 
1 Abo doloo 428659.2 1762491  15 EL SALAMA 427997.2 1726773 
2 Abo doloo 435326.7 1767571  16 EL HILLA 427140 1726897 
3 Abo dollo - bh-16 410008.5 1761650  17 EL HEILA 437473.2 1726623 
4 AWLAD ELF 414045.6 1762099  18 DAR ELSAL 428405.9 1733995 
5 EL MULTAG 411690.3 1759276  19 EL MERKHE 428902.4 1738562 
6 ABU FAS ( 443341.4 1762525  20 EL BADUBA 448307.7 1753354 
7 AWLAD BAK 415664.9 1748696  21 AL HAWAWE 449198.2 1763584 
8 ELSHEIKH 419688.1 1750640  22 EL GAZEER 449332.4 1756704 
9 UMM GAFLA 419950.2 1749079  23 ELTHORA E 441346.8 1740529 
10 BOHAT EL 425776.4 1749114  24 DAR ELSAL-1 435683 1726628 
11 AWLAD ELA 432969.9 1744457  25 ELTHORA E 441346.8 1740529 
12 ELFATH BO 436993.6 1746901  26 DAR ELSAL-2 437483.3 1730307 
13 EL FATH ( 437663.7 1733558  27 DAR ESSAL-3 437483.3 1730307 
14 ELMARKHIA 435685.6 1727546  28 DAR ELSAL-4 435685.6 1727546 
 
 
5-3-1-1 Total dissolved solids (TDS) 
   The  total dissolved solids (TDS) in the water  sample  include  all  solid   materials  
in solution whether ionized or not  ionized, it does include suspended sediments, 
colloids ,  or dissolved  gases . If all dissolved solids were determined accurately by 
chemical tests the TDS will be the sum of these constituent (Davis). The  total  




million (ppm)  (Table. 5-2), movement and  source  of   soluble salt  in  ground water  
originated from dissolution of  rock  materials. 
   Generally the TDS in the area varies between 172.00 - 2400 m/l .The middle, 
northeast and northern part of the study area represents the higher TDS 
concentration. 
Table ( 5 - 2 ) Classification of  water types ( After Gorrol 1900) 
 
Type of water TDS mg/l 
Fresh water 0000 –    1000 
Brackish water 1000 –  10000 
Saline water 10000- 100000 
Brine water > 100000 
 
5-3-1-2 The Electrical conductivity (EC) 
     This is a measure of the ability of water to conduct an electrical current. It is 
highly dependent on the amount of dissolved solids (mainly salts) in solution  
(water). Pure water such as distilled water has a negligible or very low EC, while  
sea water has a high EC. Rain water often dissolves  airborne  gasses    and    dust     
and  thus  will  have  an  EC  higher relative to distilled water. EC is an important  
water quality  factor  because it  gives a good  indicator  for  the  amount  of  total   
dissolved  solids  (TDS) in the water (Davis).  
    In the study area (fig.  5 - 2) the EC in the range between ) 361 - 2612( micro 
Siemens per/cm appendix )ⅤⅠ(.  Generally the salinity concentrated in   the north 





Fig (5 - 2) Spatial distribution of EC concentration  in the study area. 
5-3-1-3 Acidity and alkalinity (pH) 
    The pH is define  as  the  negative decimal  logarithm  of the   hydrogen    ion    




measure  of   the  acidity  and  alkalinity  of  water  which    ranges  from 0 to 14. pH  
more than 7 indicate  water   of  alkaline   reaction   and  water   has    a  pH  less   
than  7  is  acidic  in  reaction( Mandel), in the   study   area,   groundwater    is   
characterized by  pH  between )6.9-8.3(appendix )ⅤⅠ(. The water quality from PH 
classification was shown in (Table. 5-3(.  
Table (5-3( water quality from PH classification)Source : WHO( 
 
  Water class PH 
Natural 7 
alkaline 7<  
acidic 7>  
 
5-3-1-4 Total hardness:- 
     Hard water is generally considered to be the water which is required the amount 
of the soap to produce foam the of lather. 
According to sawyer and Mc Carty 1976)  (, the hardness is water is driving from the 
solution of Carbone dioxide that is deloused by bacterial action in soil in percolating 
rainwater, the main ions that are more effect to amount of hardness are) calcium – 
magnesium  ( , according to )WHO 1999( the limits of hardness is giving) 500 PPM( 
)table: 5-4.( 
 In the study area the value of the total hardness have a varying between) 98-590(, 
and there is three samples depressant very hard water in sample)12,13,14,9 (. The 
concentration of TH in the area is in the north, north west part )fig. 5-3(. 
 
Table (5 -4)   Water quality from the total hardness classification)Source : WHO( 
 
Water classification Hardness mg/L as CaCO3 
Soft 75  -   0.1  
Moderately hard 150  -   75  
Hard 300  -  150  




Fig (5 - 3) Spatial distribution of TH concentration  in the study area. 
 
 
5-3-2  Hydro chemical properties 
   The common determined constituents in chemical analysis of water are the 
cations ) Na+, K+, Ca+2, and Mg+2 ( and anions )HCO-3, CL, SO-24, and NO3 
-
 (Table 
4 -5).    
 
5-3-2-1  The cations  
 Sodium (Na+): 
 Sodium unlike calcium and magnesium is not found as an essential constituent of 
many of the common rock forming minerals. The primary source of most Sodium in 




plagioclase feldspars. The Sodium  has  no smell  but it  can  be tasted  by  most 
people at   concentrations  of  200  milligrams  per liter  (mg/L) or  more. An increase 
in sodium in groundwater above ambient or natural levels may indicate pollution 
from point or non-point sources or   salt   water intrusion. The most common sources 
of elevated sodium levels in groundwater   may be    by erosion of salt deposits   and   
sodium   bearing rock minerals, Irrigation   or   precipitation of leaching through 
soils high in sodium (Davis). 
     In the study area the value of the sodium have a varying between) 13.4-330.6(, 
The concentration of Na in the area is in the north east, mid-east and south part )fig. 
5-4(. 
  







 Potassium (K): 
 In the study area potassium (K) is  almost  ranging  between) 0.64 -13.6( mg/l.  
Although   potassium is one of   abundant element in the earth.  Its    concentration 
in most   natural water rarely exceeds 20 mg/l probably because    most   potassium   
(K) bearing   minerals   are resistant   to decomposition by weathering.  Potassium   
is commonly associated with Na in its distribution  in water In the study area the 
concentration of K in the area is in the east, south east and north west part )fig.5-
5(. 




 Calcium (Ca): 
Calcium concentration   varies    between ) 10.20  - 489( mg/l   all samples are  
within the permissible limits Fig (5-6). Calcium  content  is very  common in  
groundwater  because is available in   most  of the  rocks , abundantly and directly  
related  to  hardness.  Calcium  usually  occurs  in  water  as  HCO3,  CO3   and  
SO4   although in high    salinity water   CaCl2 and   CaNO3   can  also  be  found.  
Ca enters the water   mainly through the dissolution of the carbonate rocks.   
  The maximum permissible limit recommended  level of WHO and Sudan is (200-
ppm ). Although  there  is  no  health  objection  to  high   content of  Ca  in  
drinking  water. 
 




 Magnesium (Mg) :  
 In study area, magnesium concentration ranges from ) 7.2 – 70.8(  ppm, all samples   
within the permissible  limits (Fig. 5-7). Magnesium usually occurs in low 
concentration than calcium due to the fact that the dissolution of magnesium rich 
minerals is relatively slow.  
   The maximum allowable level of magnesium is 150 mg /l. Excessive of 
magnesium are undesired in domestic water uses (hardness).  If  the  concentration   
of   calcium and  magnesium in drinking  water is  more than  the permissible limit,  
it  causes  unpleasant  taste  to  the  water.  




5-3-2-2  The anions   
 Bicarbonate (HCO3):  
The primary  source  of HCO3 ions in groundwater  is  the dissolved  CO2 carried by  
rain water , that on entering in the soil dissolves   more  CO3 (Davis) . The 
permissible limit of HCO3 in groundwater is 250 mg/l. and the HCO3 contribute to 
the alkalinity of the unpleasant taste to water. Normally in natural water as the pH 
value ranges from 6.5-8.5 would contain much more bicarbonates than carbonates 
(Chow  1964). Bicarbonate distribution in the study area between) 198 - 534( mg/l. 
Concentrations were detected at the middle to mid-east and north east part (Fig.5-8). 
 




 Sulphate SO4 :  
  According to previous studies sulphate range between )3 - 220( mg/l. High 
concentrations were detected at the west and south-east part of the study area fig (5-
9). Sulphate occurs  naturally  in water due to leaching   from gypsum, other  
common   minerals  and  discharge  of  domestic  sewage  tends  to  increase  its 
concentration.  Sulphate is related to the types of minerals in the soil and bedrock. 








 Chloride (Cl):-  
 In the study area chloride concentration varies  between )6.4 - 580( mg/l. High 
concentration were detected at the south-east part of the area  (fig. 5-10).  All 
chloride salts are highly soluble, so chloride is rarely removed from water by 
precipitation except under influence of freezing or evaporation. Chloride also 
relatively free from effects of adsorption exchange and biological activities. 
Chloride permissible limit is 250 mg/l. The CL combination which commonly with 
and less with Ca and Mg are very stable in water.  




 Nitrate (NO3):-  
 Referred to analyzed samples generally the nitrate of the study area seems to be lie 
within the limits of standard value.  In the study area the range of nitrate in selected 
bore holes is between )0.09 – 51.20(mg/l. High concentration were detected at the 
middle and mid to north-west part of the area  (fig. 5-11).   
 




Table  5- 5 )  ( The chemical properties of  the wells – after )geomin & wells C.LTd ( 
N LOCAL LONGT LATIT Na K Mg Ca Cl So4 No3 HCO3 
1 Abo doloo 428659.2 1762491 49.2 3.0 29.6 34.4 24.9 36.0 3.1 268.4 
2 Abo doloo 435326.7 1767571 38.2  21.4 36.8 30.5 30.0 7.9 219.6 
3 Abo dollo bh-16 410008.5 1761650 19.31 3.67 15.74 36.80 14.0 10.3 3.08 204.00 
4 AWLAD ELF 414045.6 1762099 24.30 2.60 19.20 40.00 22.0 20.3 6.60 213.60 
5 EL MULTAG 411690.3 1759276 13.5  7.3 489.0 64.70 5.00 24.00 62.40 
6 ABU FAS ( 443341.4 1762525 16.65 4.65 17.38 36.00 12.0 6.1 5.28 216.00 
7 AWLAD BAK 415664.9 1748696 16.95 1.72 22.08 59.20 12.0 10.9 6.60 270.00 
8 ELSHEIKH 419688.1 1750640 125.00 5.00 35.00 0.00 20.0 40.0 33.00 288.00 
9 UMM GAFLA 419950.2 1749079 27.60 0.00 8.26 38.26 24.1 41.0 3.96 190.32 
10 BOHAT EL 425776.4 1749114 26.64 2.64 17.28 48.00 24.0 0.0 7.04 288.00 
11 AWLAD ELA 432969.9 1744457 24.83 3.61 19.68 43.20 14.0 16.0 7.04 234.00 
12 ELFATH BO 436993.6 1746901 207.60 3.75 16.59 35.52 9.0 10.8 0.09 210.00 
13 EL FATH ( 437663.7 1733558 82.44 4.83 28.80 65.60 80.0 65.0 5.28 333.60 
14 ELMARKHIA 435685.6 1727546 224.00 4.00 16.00 42.00 156.0 179. 0.00 317.00 
15 EL SALAMA 427997.2 1726773 41.95 6.06 8.64 52.80 32.0 42.1 3.96 216.00 
16 EL HILLA 427140 1726897 42.60 6.03 22.08 41.60 40.0 0.0 6.16 240.00 
17 EL HEILA 437473.2 1726623 53.52 4.59 31.20 50.40 31.0 68.2 4.40 300.00 
18 DAR ELSAL 428405.9 1733995 61.11 3.00 24.96 51.20 66.0 57.0 5.00 264.00 
19 EL MERKHE 428902.4 1738562 60.96 5.17 18.72 52.80 60.0 56.0 7.04 240.00 
20 EL BADUBA 448307.7 1753354 39.10 0.00 24.30 64.00 12.8 19.0 6.16 439.20 
21 AL HAWAWE 449198.2 1763584 161.00 0.00 10.69 22.44 17.8 31.0 10.12 534.24 
22 EL GAZEER 449332.4 1756704 18.51 7.70 17.28 44.80 10.0 7.7 5.28 264.00 
23 ELTHORA E 441346.8 1740529 30.40 4.59 14.40 30.40 16.0 20.2 7.48 198.00 
24 DAR ELSAL-1 435683 1726628 79.17 9.26 31.20 65.12 92.0 84.8 3.52 30.00 
25 ELTHORA E 441346.8 1740529 30.40 4.59 14.40 30.40 16.0 20.2 7.48 198.00 
26 DAR ELSAL-2 437483.3 1730307 72.00 0.00 21.00 40.00 72.0 44.0 0.00 264.00 
27 DAR ESSAL-3 437483.3 1730307 67.50 2.20 0.00 10.20 60.0 30.0 0.00 305.00 





5-4  Groundwater types 
   In order to obtain hydro geological information from chemical data it is necessary 
to reconstruct the path  of  geochemical evolution . It is very difficult to interpret the 
results of chemical analyses , particularly  when  more than a few   analysis  are 
involved. To overcome this graphical representation is useful for display purposes, 
comparing analysis and emphasizing similarities and differences. Graphs can also 
aid in detecting the mixing of water of  different  compositions  and in identifying  
chemical  processes ,The most plausible method has to be selected  on  the  basis of  
hydro geological  evidence  it is a trainer (piper  diagram) ( Hem1971).    
5-4-1  Piper diagram: 
   Piper  Trilinear diagram  consists of two triangles constructed at  the  lower left 
and the lower right and  the  upper  diamond – shaped  in between the  two   triangles.       
The  cations  expressed  as   percentages of total  cat ions  in  meq /l  plotted  as  
single  point  on  the lower left triangle while the anions  expressed as percentages 
of  total anions in meq /l  plotted as  single  point  on  the  lower  right  triangle ,  
these  two  points  are   then projected  into  the  diamond – shaped   area  (Mandel).        
According to this diagram (Fig 12-5 . ), and (Fig 13-5 ) 65% of the Nubian sandstone 
aquifer   samples in the study area are  characterized  by Ca-Mg-Hco3 water-type 
)Table. 5-6(.  
The data plotted in the piper diagram helped to classify the water forming groups or 
types the result of analysis obtained from this graphical methods represented in three 
types of water . 
According to this classification the following types are distinguished into :- 
 
1- Type-1 / the calcium bicarbonate water is characterized by the temporally 




secondary alkalinity which is dominated by alkalinity earth an and weak acid in 
its chemical properties. 
Table)5-6( The water chemistry and composition of  selected bore holes and their balance ratios 
Composition Water  types Balance Wells Name Well n 
Na-Mg-HCO3 Sodium Bicarbonate -3.90 % Abo dollo 1 
Ca-Mg-HCO3 Calcium carbonate 0.45  % bh-10 3 
Ca-Mg-HCO3 Calcium carbonate 0.77 % AWLAD ELF 4 
Ca-Mg-HCO3 Calcium carbonate 0.51 % EL MULTAG 5 
Ca-Mg-HCO3 Calcium carbonate 4.27 % ELSHEIKH 8 
Ca-Mg-HCO3 Calcium carbonate -4.43 % AWLAD ELA 11 
Ca-Mg-HCO3 Calcium carbonate 2.81 % ELFATH BO 12 
Ca-Na-HCO3 Calcium sodium carbonate 0.99  % ELMARKHIA 14 
Na-Mg-HCO3 Sodium Bicarbonate -0.25 % EL SALAMA 15 
Na-Mg-HCO3 Sodium Bicarbonate 6.67  % EL HEILA 16 
Na-Mg-HCO3 Sodium Bicarbonate -0.98  % EL SHATTI 17 
Na-Mg-HCO3 Sodium Bicarbonate 0.38  % EL MERKHE 19 
Na-Mg-HCO3 Sodium Bicarbonate -7.77  % EL BADUBA 20 
Ca-Mg-HCO3 Calcium carbonate -2.06  % EL GAZEER 22 
Ca-Mg-HCO3 Calcium carbonate -7.58  % ELTHORA E 23 
Na-Mg-HCO3 Sodium Bicarbonate -2.96  % DAR ELSAL-2 26 
Na-Mg-HCO3 Sodium Bicarbonate -7.93  % DAR ELSAL-4 28 
 
2- Type- 2/ sodium bio-carbonate its characterized by carbonate alkalinity that is 
)HCO3 + CO3( <50%  )Na + K(  <50%. 
3- Type - 3/ sodium –calcium bio-carbonate sulphate type that )Ca + Mg( Na+K ( 
)HCO3 + CO3( SO4 + Cl ( the value of the major cations )Ca+ Mg and Na+K ( 
and the average of the anions )HCO3 + CO3 and SO4 + Cl( are semi equal 
respectively but the value of   )Ca + Mg and SO4 + Cl( are grter than  )Na + K 




5-4-2  Sholler diagram: 
   Sholler in )1950( studies the chemical characteristics of ground water using semi-
log plot , this kind of graphical diagram may complicated the interpretations of 
ground water , which is containing deferent amount of ions  ) ca , Mg , Na, and 
HCO3 ( which are arranged in the diagram from the left to the right , the concentration 
of these cations and anions in expressed are equivalent per millions )PPm ( the 
resulted point are plotted and joined together by straight lines and all water with 
similar compositions is plotted as near parallel lines, the result data for analyzed 
samples are shown in )fig (13-5 .  . 
5-6 Suitability of ground water  :- 
 
5-6-1 Drinking usage  
    Besides being chemically safe for human consumptions, water to be used in home 
should be free from undesirable physical properties such as color or turbidity and 
have no unpleasant test. 
The criteria thus have been applied to determine the suitability of the ground water 
for human consumption are depending on nitrate content  )No-3( the amount of TDS 
, organic contamination and the Sulphate )SO3
-2( concentration for assessment of 
suitability for drinking purposes, the recommendation of world health organization 
WHO )1982 - 1999( and the Sudanese national standard of ministry of health )1982 
– 1999 ( have been shown  in  ) table: (7-5 . 
In the study area most of the analyzed samples lie with thin the range of SNS the 





















Table) 7 - 5  (WHO and Sudanese standard for drinking water 







standard )1999( and 
WHO )1999( 
Sodium 200 200 200 
Fluorite 1.5 1.5 1.5 
Nitrate 10 40 50 
Chlorite 250 250 250 
Sulphate 400 400 250 
Hardness 500 500 500 
TDS 1000 1000 1000 
pH 6.5 – 8.5 6.5 – 8.5 6.5 – 8.5 
 
5-6-2 Agricultural usage 
  Water required for non-domestic purpose include that consumed by livestock and 
irrigations. 
1- Water consumed by livestock 
The consumption of water by live stock is not different in quality from that used by 
human being, but most animals can’t tolerate water which contain high concentration 
of dissolved solids that considered as satisfactory for human, according to guidelines 
of California central board)1963 (  which evaluate the suitability water used by 
livestock consumption there should and limiting concentrations are shown on )table:  
(8-5  . 
Table )5 - 8 ( California control board)1963 ( 
Constituent Threshold concentration - mg/l limiting concentration - mg/l 
TDS 250 500 
Ca 500 1000 
Mg 250 500 
Na 1000 2000 
HCO3 500 500 
Cl 1500 3000 
SO4 500 1000 




   The resulting value of the ground water in the study area and samples collected 
show lie within the range of permissible concentrations and seems to be suitable for 
consumption by livestock. 
2- Water consumed for irrigation  
  Actually irrigation water criteria depend mainly on the types of the planets, climate 
and the amount of the irrigation water used, because of the importance of agriculture 
in the study area is necessary source for life-hood of people living around there, the 
chemical quality of the water is an important factor to be considered in evaluating 
its usefulness for irrigations, there for its important to discuss the main factor which 
effect the crops productions. 
    According to senoussi )1985( the lower salinity the better water for irrigation there 
is an upper limit for acceptable salinity depending on the crops an soil, the higher 
concentration of ) Na  (  in the water the greater risk and dinging of the soil structure, 
then it becomes more plastic and this retracts the movement of water, there for the 
drainage problem will be varying and cultivation becomes more difficult )badi  
2002( , in the study area the salinity value seems to be good to very good. 
    The permeability this long term mean influence of water on soil are defected by 
three factor )Na –Ca - Mg( the carbonate / bicarbonate content the TDS. 
according to Hem )1971( the sodium hazard of irrigation water can be defined 






    The )Na( proportion is based on the sodium adsorption ratio of soil solution and 
the concentration of these ions in )PPM( , the SAR is the tendency of water to replace 




The value of SAR for the available samples is shown on )table. 5-11(, and the 
adopted classification of water for irrigation according to SAR after 
ragherneath)1982( is shown on )table: (.9-5  
 
Table )5 - 9 ( Classification of water according to SAR  )After raghurnath 1982 ( 
Class of water SAR 
Excellent for irrigation 0 - 10 
Good for irrigation 10 – 18 
 Fair for irrigation  18 - 26 
Poor for irrigation 26<  
    
     According to the united states laboratory )1954( the water uses for irrigation 
related to salinity hazard content some grope are shown. 
   From thus classifications most of the water of the area is seems to be good for 
irrigation purpose with on average of   %(90  ) the SAR value calculated for analysed 
samples and the result is correlated with the water salinity as EC value in willox 
diagram which named the willox diagram )1966( , the diagram provides useful 
means of predicting the degree of conductivity versus SAR and distinguish many 
type as plotted in diagram fig (13-5) , in the study area the water classed are shown 
in ) Table.   5 -11(.Complete for irrigation according to Todd )1980( the suitability of 




Table )5 - 01   (Todd classification of irrigation water )1980( 
parameter Threshold concentration limiting concentration 
SAR 6 15 
TDS 500 1500 
Cl 100 350 
SO4 200 1000 
 
     According to Todd and SAR value in collected samples table )5-11,12(, the 




 Table )5-11( SAR value in selected boreholes for irrigation in diagram 
BH.N Na Mg Ca HCO3 PH TDS EC SAR 
1 49.2 29.6 34.4 268.4 6.9 426.3  3.075 
2 38.2 21.4 36.8 219.6 7.2 364.7 609.0 2.504 
3 19.31 15.74 36.80 204.00 7.5 191.0 2612.0 0.880 
4 24.30 19.20 40.00 213.60 7.3 264.0 980.0 1.676 
5 13.5 7.3 489.0 62.40 51.0 7.94 377.14 0.877 
6 16.65 17.38 36.00 216.00 7.7 193.0  0.373 
7 16.95 22.08 59.20 270.00 278.0 71.1 -- 1.160 
8 125.00 35.00 0.00 288.00 800.0 11.3 101.57 6.932 
9 27.60 8.26 38.26 190.32 327.0 39.2 -- 2.332 
10 26.64 17.28 48.00 288.00 7.4 240.0 -- 1.567 
11 24.83 19.68 43.20 234.00 7.3 215.0 342.85 1.536 
12 207.60 16.59 35.52 210.00 189.0 86.0 307.14 13.090 
13 82.44 28.80 65.60 333.60 7.4 542.0 -- 5.710 
14 224.00 16.00 42.00 317.00 256.0 17.0 774.28 12.350 
15 41.95 8.64 52.80 216.00 6.9 300.0 24.28 2.754 
16 42.60 22.08 41.60 240.00 328.0 82.3 -- 2.717 
17 53.52 31.20 50.40 300.00 7.2 431.0 117.57 3.334 
18 61.11 24.96 51.20 264.00 404.0 90.2 -- 3.382 
19 60.96 18.72 52.80 240.00 7.3 330.0 128.85 3.492 
20 39.10 24.30 64.00 439.20 445.0 27.4 471.42 2.311 
21 161.00 10.69 22.44 534.24 526.0 31.7 39.14 0.912 
22 18.51 17.28 44.80 264.00 7.5 224.0 -- 1.613 
23 30.40 14.40 30.40 198.00 230.0 50.4 320.00 1.929 
24 79.17 31.20 65.12 30.00 388.0 72.2 70.00 5.914 
25 30.40 14.40 30.40 198.00 7.2 230.0 -- 1.548 
26 72.00 21.00 40.00 264.00 7.9 310.0 -- 5.378 
27 67.50 0.00 10.20 0.00 7.5 510.0 442.85 4.321 




       
Diagram graphic of wells ) 1,2,3,4,5,6,7,8,9,10                            ( Diagram graphic of wells )11,12,13,14,.…20 ( 
 
Diagram graphic of wells ) 21,22,23,24….28( 
 
 





























CONCLUSION & RECOMMENDATION 
 
6-1 Conclusions                                                             
    The hydro - Geoelectric survey and boreholes well logging have yielded the 
following information :-   
1) The top superficial deposits have thicknesses ranging from 0.6 to 10 meters 
and resistivities of 3 to 936 ohm.m.   
2) The Nubian sandstone formation has thickness ranging from  ) 200 to more 
than 350(meters, and resistivities of )7 to 2500(ohm.m.   
3) The results of chemical analysis of selected borehole in this study indicate 
three water types, and 65% of the samples and aquifers are characterized by 
Ca-Mg-HCO3 water type, and the classification of Groundwater quality in 
the Study area is good generally for all uses )domestic and irrigation porposes( 
with total dissolved solids (TDS) in the range of )172 to 2400( mg/liter        
4) Generally the calculated groundwater electric conductivities vary from )215 
to 1000( µs/cm.  
5) All the geoelectric sections indicated the existence of a silicified sandstone 
layer of different thicknesses, depths, and resistivities.  
6) Most of the curves tend to indicate relatively high resistivity range (1-5520 
Ω.m) at the maximum separation attained (i.e. 700-1000m). They generally 
reflect the resistivity layering of the subsurface.   
7) The lower part of the aquifer is generally homogenous. It is composed mostly 
of coarse to medium grained sandstone with a formation resistivity in the 
range of )100 to 450(Ω.m indicating good quality water. 
8) The upper part of the aquifer is composed mostly of fine to medium grained 




9) Depth to groundwater (Static Water Level) varies from )50(m at the Eastern 
corners of the project area to about )62(m at the southern and central 
peripheries of the Study t area.   
10) The study area is characterized by thick accumulation of sediment 
which have a high potential of ground water. 
6-2 Recommendations 
   1- The boreholes should be drilled to the recommended depths (table 6-1).  
   2- The boreholes should be drilled dipper which can reach to the productive lower 
aquifer part, hence it will be on safe site for both quantity and quality. 
   3- The boreholes should be electrically logged to determine the clean and fresh 
Aquifers zones.  
   4- The geophysical logging should be carried out in the boreholes to determinate 
the saturated layers and their water quality. 
   5- Step - drawdown should be carried out on the drilled borehole to determine the 
optimum discharge rates, and pump setting depths.  
   6- details hydrological studies should be conducted to estimate the water budget 
and to design the proper water management systems. 
   7- Samples of water should be chemically analyzed to know its suitability for 
irrigation purposes. 
   8- Detailed groundwater management and balances must be adopted in the study 
area to avoid total drawdown.    
   9- To obtain more accurate and reliable results the computer technology and 
developed software of ground water are recommended.   
  10- In order to obtain the best quality and high quantity of G.W it’s recommended 
to doing pumping test and grain size analysis to delineating the hydraulic parameters 




   11- It is necessary to doing mathematical models by using mud flow to knowing 
the drawdown and his impact in the ground aquifer in the study area. 
Table (6-1): Recommended sites for water well drilling in the study area 
BH. No. longitude latitude Expected depth [m] 
1 315203.9 160640.2 249 
2 315231.2 160643.8 244 
3 315107.3 160633 240 
4 315028.09 160631.32 251 
5 315443.29 160741.59 250 
6 315504.4 160743.5 233 
7 315439.97 160647.71 196 
8 315307.32 160406.15 130 
9 315333.2 160506.65 220 
10 315636.78 160416 .91 169 
11 315509.62 160307.37 161 
12 315630.54 160317.51 140 
13 315644.22 160113.35 130 
14 315111.2 160606.25 150 
15 315139.3 160609.7 153 
16 315207 160613.2 133 
17 378303.86 1774907.31 164 
18 379803.8 1779450.09 140 
19 381903.8 1779278.6 240 
20 382589.5 1777821.5 130 
21 380275.2 1778164.3 220 
22 380060.9 1776193.003 169 
23 383703.7 1776193 161 
24 385760.8 1778207.3 140 
25 385032.3 1777778.6 130 
26 388418.03 1779450 130 
27 377689.99 1782378.79 220 
28 376185.69 1782313.72 169 
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APPENDIX (Ⅰ)  









  Table  (1) Electrical Resistivity Survey – Vertical Electrical Sounding 
Area: WEST OMM DURMANE 
Coordinates 
E:   
VES (   )                      Electrode array: Schlumberger N:   
Date:     / 03/ 2019 Direction  Elevation                M 
 
AB/2 MN/2 K R(Ω) Ρa (Ω.m) Avg Check 
1.5 0.5 6.28   
 
2.5 0.5 18.85   
 
4 0.5 49.49   
 
6 0.5 112.35   
 
8 0.5 200.35   
 
10 0.5 313.49   
 
12 0.5 451.78   
 
15 0.5 706.35   
 
15 5 62.8   
 
20 5 117.85   
 
25 5 188.57   
 
30 5 274.99   
 
30 10 126   
 
40 10 235.5   
 
50 10 376.8   
 
60 10 550   
 
75 10 867   
 
75 25 314   
 
100 25 588   
 
125 25 942   
 
150 25 1373.8   
 
150 50 628   
 
175 50 883.1   
 
200 50 1177.5   
 
250 50 1884   
 
300 50 2747.5   
 
300 100 1256   
 
400 100 2355   
 
500 100 3768   
 
600 100 5495   
 
700 100 7536   
 
800 100 8674.25   
 
VES 1 VES 2 VES 3 VES 4 VES 5 VES  6 VES 7 VES 8 VES 9 
123.7914 156.40 96.60 177.80 50.60 56.84 54.97 15.586 12.04 
102.6668 116.20 34.70 118.90 34.90 58.49 59.46 83.63 15.59 
74.349 96.70 26.60 84.30 39.80 52.80 51.42 76.70 22.85 
73.248 89.50 34.20 76.40 48.10 45.61 51.11 209.30 32.75 
74.2 98.00 41.00 88.20 53.40 37.86 61.10 309.34 41.73 
73.555 106.00 61.10 91.30 55.30 32.60 75.2 417.25 49.68 
68.51 112.00 69.30 92.20 52.80 26.66 98.53 4701.70 56.63 
66.1522 122.40 92.90 106.00 51.10 24.71 105.19 10615.42 65.37 
63.8676 110.80 91.00 107.40 43.60 25.55 108.73 147.6 58.17 
59.472 121.80 112.40 113.00 37.90 23.01 134.18 158.59 67.78 
57.152 120.70 146.40 116.80 36.00 23.31 142.50 150.77 74.29 
54.175 117.80 170.80 111.50 31.80 26.95 157.85 69.575 78.76 
57.708 107.40 169.00 112.20 34.00 24.57 7.308 65.646 73.03 
58.292 104.50 182.20 107.50 35.70 32.09 186.44 55.932 78.56 
55.419 107.00 197.30 111.10 38.70 41.84 325.351 78.416 83.29 
55.55 110.40 216.40 112.00 43.40 55 243.65 62.7 88.83 
62.496 102.30 244.60 118.60 52.40 76.296 1086.35 15.606 99.45 
64.998 115.70 246.10 116.90 51.50 60.602 185.26 70.65 107.7 
87.761 148.40 222.00 121.40 66.10 72.912 1350.63 94.08 131.9 
107.388 155.00 208.10 148.50 86.30 89.49 1372.49 106.446 158.5 
108.23 138.00 221.00 164.50 104.00 98.64 471.28 1206.97 188.0 
114.296 138.10 227.90 161.00 108.20 92.316 16.328 117.436  
120.971 132.00 249.20 172.50 125.70 120.971 798.232 135.099  
135.7 121.10 282.10 195.20 137.90 142.78 197.06 151.04  
151.152 117.70 291.10 252.10 152.80 180.48 618.52 2280.44  
162.25 103.10 288.90 223.00 158.20 445.5 429 198  
156.24 121.90 280.00 224.70 169.60 278.46 129.78 138.6  
174.64 140.00 252.60 175.90 173.30 290.28 547.52 103.84  
207.35 151.30 262.30 282.20 186.10 599.43 199.81 256.36  
220 178.10 279.80 296.50 187.60 412.5 225.5 0  
228.462 177.80 273.70 322.50 187.40 354.38 54.9751 799.24  
205.5738 177.80 288.70 310.10 184.20 415.38 59.4623 0  
61.544  297.60 299.99 174.40     
96.5632  301.90  132.40     
         
 
VES 10 VES 11 VES 12 VES 13 VES 14 VES  15 VES 16 VES 17  VES 18 
21.83 72.44 27.00 80.10 24.15 42.66632 2314 574.50 82.30 
24.61 75.62 26.40 61.20 29.27 36.51245 41.0741 355.70 58.10 
30.53 57.24 30.40 50.50 27.3 35.58331 42.3139 289.70 45.80 
41.83 55.25 37.80 59.70 35.39 42.9177 56.175 319.60 41.50 
51.52 44.68 50.00 76.10 37.27 50.68855 57.9011 108.20 43.90 
62.31 35.26 57.10 83.90 41.69 57.99565 60.5035 291.30 56.50 
66.19 33.56 60.90 98.40 46.99 63.732 56.5 285.00 61.00 
72.55 32.50 69.00 128.00 59.33 69.894 59.304 260.00 68.90 
70.00 36.91 54.60 135.30 83.09 87.6688 81.7656 260.00 73.00 
67.38 49.03 64.80 167.60 97.94 34.338 80.358 236.10 87.10 
74.00 54.95 75.20 188.10 114.09 125.208 80.84 202.90 96.40 
87.21 67.54 79.30 189.00 131.72 141.35 87.725 185.70 107.50 
87.12 60.06 74.80 197.00 115.53 120.582 91.098 183.00 111.00 
102.29 78.27 86.50 207.90 144.72 151.984 147.736 176.70 124.70 
132.22 100.00 99.20 211.40 173.48 183.222 102.167 149.00 154.80 
155.39 116.01 110.50 220.40 195.8 224.4 197.45 128.80 168.00 
168.77 120.13 130.00 190.00 236.15 247.962 569.619 145.30 230.00 
172.02 104.78 116.30 190.00 256.77 198.762 212.892 127.70 247.40 
217.16 148.61 126.50 178.00 281.67 396.312 157.584 152.20 330.20 
259.20 148.53 154.70 182.60 351.68 227.022 190.284 167.40 370.70 
295.71 177.86 185.20 188.00 467.5 749.39 205.5 203.70 380.20 
272.04 193.11 186.10 188.50 426.17 532.544 246.804 201.00 388.00 
324.76 196.15 217.60 221.20 527.70 271.081 269.315 224.80 409.20 
360.31 232.98 240.50 236.20 657.64 79.06 867.3 254.90 430.00 
415.36 258.87 279.40 245.30 793.88 355.32 255.68 295.60 452.10 
452.03 330.76 300.00 273.60 1388.7 467.5 46.75 316.10 533.10 
503.25 318.82 300.00 238.00 1991.3 4194.54 245.7 285.00 498.30 
499.20 287.02 302.60 263.40 250 139.24 384.68 289.70 540.50 
505.22 338.50 306.50 235.70 2911.5 508.95 369.46 270.00 548.70 
511.38 304.11 253.60 224.10 550 11929.5 302.5 268.40 522.90 
451.67 327.80 266.50 220.00 573.04 3031.08 361.92 271.60 490.00 
431.25 273.11 207.40 230.90 682.41 504.39 603.29 256.00 420.00 
420.93 229.63 258.40 258.00   2314 247.10 376.80 
372.15        318.30 




VES 19 VES 20 VES 21 VES 22 VES 23 VES  24 VES 25 VES 26  VES 27 
61.00 250.00 342.30 40.095 64.979 150.8456 56.3944 52.29356 115.233 
41.90 282.00 180.00 28.606 65.221 110.3479 42.0355 43.8074 121.205 
25.60 62.90 125.20 21.681 75.323 40.73027 24.00 46.71856 100.197 
22.90 30.30 106.40 17.415 79.880 60.33195 17.0772 59.0961 82.6601 
25.50 29.50 118.20 16.028 71.124 78.1365 17.8311 81.14175 73.5027 
27.20 33.40 140.30 16.302 70.221 94.36049 22.571 78.99948 73.3285 
28.40 34.20 142.00 176.19 67.348 99.44 24.86 71.868 79.03 
33.80 44.70 141.50 19.778 50.126 1485.424 29.652 57.892 92.4951 
32.50 45.00 140.00 17.537 77.934 84.2148 33.7864 61.2928 57.554 
38.80 55.00 100.30 20.860 67.732 107.498 35.4 61.36 84.705 
47.10 64.60 97.20 24.514 59.596 124.644 37.976 60.536 102.544 
53.80 76.60 85.90 26.95 120.45 393.25 35.475 42.9 116.00 
52.30 74.00 95.00 24.765 74.718 101.808 32.886 43.218 108.82 
63.50 88.50 89.90 28.757 111.86 130.98 29.264 48.144 139.25 
72.90 113.10 119.20 32.434 94.25 144.391 29.029 57.304 169.26 
81.50 138.70 145.00 37.4 124.3 154.55 30.25 75.35 192.423 
88.50 183.50 173.30 43.410 128.31 671.925 24.276 91.902 225.64 
85.10 182.00 147.70 52.8 119.32 163.594 45.216 77.558 245.04 
98.40 193.00 193.70 79.553 4115.4 200.508 58.8 98.196 288.63 
120.60 207.80 204.80 89.571 109.27 325.932 64.056 113.04 301.59 
147.30 192.00 197.00 114.12 195.91 121.93 69.87 110.97 329.76 
135.90 192.30 197.00 108.74 199.70 273.18 73.476 114.924 326.72 
160.80 202.90 242.30 134.35 245.47 353.2 97.13 114.79 362.26 
190.10 225.40 256.80 89.571 261.96 374.06 11.8 119.18 388.74 
237.60 269.70 212.60 213.08 219.96 300.8 191.76 127.84 433.55 
265.80 275.00 217.80 228.25 671 973.5 115.5 104.5 522.31 
273.00 275.30 202.60 167.2 1445.2 264.6 104.58 94.5 452.52 
304.10 343.90 213.50 250 903.88 77.88 132.16 82.6 1437.16 
301.90 358.20 242.20 56.571 75.4 290.29 101.79 86.71 414.7 
291.80 333.10 255.30 209 495 594 104.5 93.5 384.86 
263.60 340.00 273.90 180.96 814.32 75.4 75.4 165.88 603.2 
223.90 393.60 297.00 227.47 573.62 150.8456 19.78 89.01  
207.80 433.30 368.20   110.3479 75.36 75.36  






VES 28 VES 29 VES 30 VES 31 VES 32 VES  33 VES 34 VES 35  VES 36 
28.90272 162.9234 115.925 284.629 133.8322 321.0715 248.4377 224.9386 379.8194 
67.86 84.6365 108.953 111.215 87.087 226.2 150.9885 135.72 274.2675 
46.2638 75.2096 87.5796 192.972 70.2616 188.024 97.9704 59.376 199.4044 
36.94999 70.30606 73.45074 123.541 64.91518 117.9255 91.42034 49.07947 149.3723 
39.0546 73.90332 67.0938 93.73104 60.88512 168.0349 94.93272 60.68484 146.0041 
40.11136 88.99708 68.00129 101.8453 62.674 166.3995 99.33829 74.26869 144.1502 
48.7728 97.5456 72.256 115.6096 63.224 168.8984 105.2228 89.4168 153.544 
59.30988 101.6741 81.90412 153.2172 69.19486 177.2236 117.9137 988.498 1207.38 
6.346032 109.956 83.56656 114.3542 85.45152 185.3544 96.13296 75.3984 64.2143 
86.0013 134.3034 104.6153 153.153 103.7906 223.839 118.9881 120.4018 108.3852 
112.346 157.3975 124.2215 182.468 120.8285 245.05 140.8095 153.6275 133.2695 
135.5208 192.6979 146.2415 216.0635 139.0943 329.868 167.1331 185.2759 154.2133 
128.1732 196.0296 129.4298 213.622 105.6801 289.018 194.773 163.358 140.7392 
167.5258 259.182 164.2271 282.744 173.6519 376.992 247.401 232.0857 204.7538 
207.7215 309.1318 205.8365 363.7954 200.9357 452.388 294.0522 284.6275 183.5941 
219.912 356.2574 240.8036 459.0663 231.4574 537.1351 340.8636 324.3702 200.1199 
252.5473 395.7442 784.5454 433.0621 269.0366 652.6307 390.537 374.9155 219.5686 
237.1908 392.7 171.8455 452.3904 236.2483 596.904 411.5496 345.576 196.6642 
279.2097 450.0342 226.7843 493.0349 303.3608 706.86 514.2407 441.7875 216.7704 
295.9387 501.3994 228.0802 513.6516 358.1424 799.223 585.2801 507.9967 234.6775 
287.166 486.396 665.016 534.486 366.858 791.424 677.382 465.786 211.596 
293.4254 458.0453 257.6112 525.9038 347.461 50.2656 150.1685 435.4258 367.5672 
303.0645 428.5315 295.996 536.327 328.688 753.6852 698.9039 538.0941 226.1939 
322.772 388.74 314.526 559.55 323.95 558.372 539.524 592.534 196.726 
393.965 224.315 392.08 540.995 412.815 804.895 727.61 740.805 237.51 
354.621 376.613 338.127 398.605 439.84 733.983 819.202 758.724 273.5255 
372.072 385.899 309.222 556.851 404.754 766.77 783.111 663.696 372.072 
374.604 308.636 365.18 664.392 400.52 1130.88 784.548 713.868 426.436 
331.76 365.69 365.69 652.21 433.55 833.17 723.84 697.45 433.55 
236.414 384.86 439.84 582.788 456.334 654.262 445.338 626.772 439.84 
263.9 301.6 452.4 588.12 422.24 527.8 452.4 565.5 738.92 
178.128 316.672 475.008 504.696 316.672 197.92 395.84 494.8 1147.936 
         
         
 
VES 37 VES 38 VES 39 VES 40 VES 41 VES  42 VES 43 VES 44  VES 45 
166.819 113.7259 65.28245 144.2623 393.3283 321.0715 30.772 144.2623 393.3283 
144.2025 90.48 65.975 131.3845 608.855 226.2 20.724 131.3845 608.855 
84.116 74.22 59.376 95.4964 549.228 188.024 20.8679 95.4964 549.228 
71.76609 44.58707 52.11184 75.92156 303.237 117.9255 24.4814 75.92156 303.237 
74.1036 36.65124 47.86692 72.50136 156.0181 168.0349 24.8 72.50136 156.0181 
78.96924 36.35092 47.0055 75.2088 88.05697 166.3995 28.483 75.2088 88.05697 
87.1588 40.1924 48.7728 82.1912 51.934 168.8984 32.021 82.1912 51.934 
97.43766 38.83385 54.36739 93.90731 79.78591 177.2236 36.006 93.90731 79.78591 
80.42496 44.73638 44.61072 69.74352 69.1152 185.3544 35.2308 69.74352 69.1152 
99.66726 60.67215 53.72136 86.94378 80.46423 223.839 34.5436 86.94378 80.46423 
116.493 74.4575 61.2625 109.8955 101.79 245.05 30.144 109.8955 101.79 
154.7631 84.11634 67.89783 127.549 129.7481 329.868 45.0672 127.549 129.7481 
128.1732 81.0507 65.9715 114.3506 130.6864 289.018 47.4768 114.3506 130.6864 
158.3366 88.12188 76.34088 152.9174 158.5723 376.992 41.2125 152.9174 158.5723 
190.003 92.73954 86.7077 196.4118 216.7693 452.388 37.68 196.4118 216.7693 
218.2627 91.26348 97.31106 216.6133 230.9076 537.1351 40.1135 216.6133 230.9076 
256.8866 50.33588 111.9539 282.9224 292.4688 652.6307 38.1656 282.9224 292.4688 
266.0935 131.9472 104.6153 261.3811 229.3368 596.904 33.598 261.3811 229.3368 
266.2506 159.6326 127.8239 238.5653 353.43 706.86 45.9264 238.5653 353.43 
700.2626 142.3145 622.0368 370.3946 394.8991 799.223 39.5686 370.3946 394.8991 
331.134 141.522 487.77 270.678 467.16 791.424 39.8402 270.678 467.16 
304.7352 151.4251 331.1246 323.5848 365.0539 50.2656 34.54 323.5848 365.0539 
362.2637 179.3647 169.6454 462.9907 348.1266 753.6852 38.8564 462.9907 348.1266 
386.384 179.056 213.218 677.35 464.132 558.372 48.2775 677.35 464.132 
452.4 248.82 263.9 527.8 437.32 804.895 62.172 527.8 437.32 
368.366 277.649 357.37 393.107 497.569 733.983 57.708 393.107 497.569 
384.642 408.525 323.049 615.93 499.029 766.77 50.24 615.93 499.029 
445.284 400.52 393.452 760.988 541.88 1130.88 54.165 760.988 541.88 
493.87 441.09 294.06 776.62 475.02 833.17 64.056 776.62 475.02 
505.816 478.326 500.318 841.194 346.374 654.262 43.984 841.194 346.374 
392.08 475.02 535.34 731.38 263.9 527.8 37.7 731.38 263.9 
356.256 455.216 524.488 118.752 197.92 197.92  118.752 197.92 
         
         
 
 
VES 46 VES 47 VES 48 VES 49 VES 50 VES  51 VES 52 VES 53 VES 54 
128.112 65.28245 168.932 84.152 518.1 47.728 166.819 90.47808 557.9482 
62.172 65.975 101.736 65.94 224.196 20.724 144.2025 64.09 316.68 
27.14805 59.376 64.285 59.34 64.285 15.57675 84.116 54.428 175.1592 
35.2622 52.11184 35.8237 45.7061 29.6472 24.4814 71.76609 44.81169 134.772 
22.6 47.86692 31.6 39.2 22.8 24.8 74.1036 37.25208 118.5658 
25.353 47.0055 30.361 31.613 17.528 28.483 78.96924 31.337 90.25056 
23.903 48.7728 27.511 24.805 15.785 32.021 87.1588 28.9024 89.8684 
29.652 54.36739 26.122 18.356 16.238 36.006 97.43766 28.2428 132.7412 
44.6508 44.61072 33.1584 19.5936 14.1928 35.2308 80.42496 27.08059 106.8144 
48.8579 53.72136 33.5972 22.5953 15.8522 34.5436 99.66726 28.62783 129.591 
53.8824 61.2625 32.4048 19.782 16.3908 37.68 116.493 33.3645 160.225 
56.0592 67.89783 35.4492 22.2588 17.3124 45.0672 154.7631 37.65993 37.65993 
55.7664 65.9715 32.4048 20.4728 17.8352 47.4768 128.1732 38.07498 175.924 
60.759 76.34088 39.093 25.434 24.2565 41.2125 158.3366 86.23692 207.3456 
67.29648 86.7077 49.3608 32.4048 29.3904 37.68 190.003 88.59265 247.3054 
59.346 97.31106 52.2025 34.6185 27.475 40.1135 218.2627 64.87404 281.4874 
48.5744 111.9539 60.718 44.2374 31.2264 38.1656 256.8866 85.05028 316.7689 
56.52 104.6153 49.926 50.554 31.4 33.598 266.0935 93.30552 301.9078 
45.9264 127.8239 74.7776 57.7024 46.5152 45.9264 266.2506 114.8648 328.6899 
56.5266 622.0368 76.31091 66.8898 48.9897 39.56862 700.2626 104.6153 376.0495 
48.083 487.77 60.4472 68.69 61.821 39.8402 331.134 97.554 390.216 
49.612 331.1246 56.52 66.568 62.172 34.54 304.7352 130.0622 393.9566 
48.5705 169.6454 62.7001 73.2973 66.2325 38.8564 362.2637 127.2341 632.6361 
56.52 213.218 62.4075 78.8925 64.7625 48.2775 386.384 175.522 445.284 
62.172 263.9 71.592 82.896 77.244 62.172 452.4 226.2 595.66 
65.952 357.37 57.708 82.44 90.684 57.708 368.366 280.398 621.274 
80.384 323.049 56.52 79.128 87.92 50.24 384.642 257.685 566.907 
101.265 393.452 73.005 98.91 84.78 54.165 445.284 348.688 619.628 
143.184 294.06 109.272 135.648 90.432 64.056 493.87 422.24 539.11 
131.952 500.318 137.45 126.454 93.466 43.984 505.816 538.804 461.832 
105.56 535.34 113.1 105.56 60.32 37.7 392.08 467.48 437.32 
 524.488     356.256 425.528 316.672 
 65.28245     166.819 90.47808 557.9482 
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Carve modelling of different resistivity including VES  ) 23 -22 -18 -25 -14 -34 ( 
 
Carve modelling of different resistivity including VES ) 23 – 22 – 28 -18-16-24 ( 
 
Carve modelling of different resistivity including VES  ) 41 -31 -43 -48 -28 -35 ( 
 
Carve modelling of different resistivity including VES  ) 46 -36 -29 -38 - 32 -39 ( 
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Table 1)  (The chemical properties of  the wells - after)geomin & wells C.LTd ( 
N LOCAL LONGT LATIT Na K Mg Ca Cl So4 No3 HCO3 
1 Abo doloo 428659.2 1762491 49.2 3.0 29.6 34.4 24.9 36.0 3.1 268.4 
2 Abo doloo 435326.7 1767571 38.2  21.4 36.8 30.5 30.0 7.9 219.6 
3 Abo dollo bh-16 410008.5 1761650 19.31 3.67 15.74 36.80 14.0 10.3 3.08 204.00 
4 AWLAD ELF 414045.6 1762099 24.30 2.60 19.20 40.00 22.0 20.3 6.60 213.60 
5 EL MULTAG 411690.3 1759276 13.5  7.3 489.0 64.70 5.00 24.00 62.40 
6 ABU FAS ( 443341.4 1762525 16.65 4.65 17.38 36.00 12.0 6.1 5.28 216.00 
7 AWLAD BAK 415664.9 1748696 16.95 1.72 22.08 59.20 12.0 10.9 6.60 270.00 
8 ELSHEIKH 419688.1 1750640 125.00 5.00 35.00 0.00 20.0 40.0 33.00 288.00 
9 UMM GAFLA 419950.2 1749079 27.60 0.00 8.26 38.26 24.1 41.0 3.96 190.32 
10 BOHAT EL 425776.4 1749114 26.64 2.64 17.28 48.00 24.0 0.0 7.04 288.00 
11 AWLAD ELA 432969.9 1744457 24.83 3.61 19.68 43.20 14.0 16.0 7.04 234.00 
12 ELFATH BO 436993.6 1746901 207.60 3.75 16.59 35.52 9.0 10.8 0.09 210.00 
13 EL FATH ( 437663.7 1733558 82.44 4.83 28.80 65.60 80.0 65.0 5.28 333.60 
14 ELMARKHIA 435685.6 1727546 224.00 4.00 16.00 42.00 156.0 179. 0.00 317.00 
15 EL SALAMA 427997.2 1726773 41.95 6.06 8.64 52.80 32.0 42.1 3.96 216.00 
16 EL HILLA 427140 1726897 42.60 6.03 22.08 41.60 40.0 0.0 6.16 240.00 
17 EL HEILA 437473.2 1726623 53.52 4.59 31.20 50.40 31.0 68.2 4.40 300.00 
18 DAR ELSAL 428405.9 1733995 61.11 3.00 24.96 51.20 66.0 57.0 5.00 264.00 
19 EL MERKHE 428902.4 1738562 60.96 5.17 18.72 52.80 60.0 56.0 7.04 240.00 
20 EL BADUBA 448307.7 1753354 39.10 0.00 24.30 64.00 12.8 19.0 6.16 439.20 
21 AL HAWAWE 449198.2 1763584 161.00 0.00 10.69 22.44 17.8 31.0 10.12 534.24 
22 EL GAZEER 449332.4 1756704 18.51 7.70 17.28 44.80 10.0 7.7 5.28 264.00 
23 ELTHORA E 441346.8 1740529 30.40 4.59 14.40 30.40 16.0 20.2 7.48 198.00 
24 DAR ELSAL-1 435683 1726628 79.17 9.26 31.20 65.12 92.0 84.8 3.52 30.00 
25 ELTHORA E 441346.8 1740529 30.40 4.59 14.40 30.40 16.0 20.2 7.48 198.00 
26 DAR ELSAL-2 437483.3 1730307 72.00 0.00 21.00 40.00 72.0 44.0 0.00 264.00 
27 DAR ESSAL-3 437483.3 1730307 67.50 2.20 0.00 10.20 60.0 30.0 0.00 0.00 
28 DAR ELSAL-4 435685.6 1727546 71.00 5.00 22.00 44.00 72.4 55.0 0.00 322.00 
 
Table 2)  (showing the balance ratio of selected samples in the study area 
N LOCAL LONGT LATIT Na K Mg Ca Cl So4 No3 HCO3 Balance 
1 Abo doloo 435326.7 1767571 38.2  21.4 36.8 30.5 30.0 7.9 219.6 % 3.90-  
2 Abo doloo 315440 160647.7 50.3 5.86 21.6 80.00 69.0 45.0 49.0  % 0.45  
3 Abo dollo bh-16 410008.5 1761650 19.3 3.67 15.74 36.8 14.0 10.3 3.08 204.0 % 0.77  
4 AWLAD ELF 414045.6 1762099 24.3 2.60 19.2 40.0 22.0 20.3 6.60 213.6 % 0.51  
5 EL MULTAG 411690.3 1759276 13.5  7.3 489 64.70 5.00 24.0 62.4 % 26.70  
6 ABU FAS ( 443341.4 1762525 16.7 4.65 17.3 36.0 12.0 6.1 5.28 216.0 % 75.55  
7 AWLAD BAK 415664.9 1748696 17.0 1.72 22.1 59.0 12.0 10.9 6.60 270.0 % 4.27  
8 ELSHEIKH 419688.1 1750640 125 5.00 35.00 0.00 20.0 40.0 33.0 288.0 % 11.89  
9 UMM GAFLA 419950.2 1749079 27.6 0.00 8.2 38.2 24.1 41.0 3.96 190.3 % 53.24-  
10 BOHAT EL 425776.4 1749114 26.6 2.64 17.2 48.0 24.0 0.0 7.04 288.0 % 4.43-  
11 AWLAD ELA 432969.9 1744457 24.8 3.61 19.6 43.2 14.0 16.0 7.04 234.0 % 2.81  
12 ELFATH BO 436993.6 1746901 207.6 3.75 16.5 35.5 9.0 10.8 0.09 210.0 % 51.53  
13 EL FATH ( 437663.7 1733558 82.4 4.83 28.8 65.6 80.0 65.0 5.28 333.6 % 0.99  
14 ELMARKHIA 435685.6 1727546 224 4. 16.0 42.0 156.0 179. 0.00 317.0 % 0.25-  
15 EL SALAMA 427997.2 1726773 41.9 6.06 8.64 52.8 32.0 42.1 3.96 216.0 % 26.58  
16 EL HILLA 427140 1726897 42.6 6.03 22.1 41.6 40.0 0.0 6.16 240.0 % 6.67  
17 EL HEILA 437473.2 1726623 53.5 4.59 31.2 50.4 31.0 68.2 4.40 300.0 %  11.58-  
18 DAR ELSAL 428405.9 1733995 61.1 3.00 24.9 51.2 66.0 57.0 5.00 264.0 % 0.98-  
19 EL MERKHE 428902.4 1738562 60.9 5.17 18.7 52.8 60.0 56.0 7.04 240.0 % 0.38  
20 EL BADUBA 448307.7 1753354 39.1 0.00 24.3 64.0 12.8 19.0 6.16 439.2 % 7.77-  
21 AL HAWAWE 449198.2 1763584 161.0 0.00 10.7 22.4 17.8 31.0 10.1 534.2 % 57.67-  
22 EL GAZEER 449332.4 1756704 18.5 7.70 17.3 44.8 10.0 7.7 5.28 264.0 % 2.06-  
23 ELTHORA E 441346.8 1740529 30.4 4.59 14.4 30.4 16.0 20.2 7.48 198.0 % 7.58-  
24 DAR ELSAL-1 435683 1726628 79.2 9.26 31.2 65.1 92.0 84.8 3.52 30.0 % 30.40  
25 ELTHORA E 441346.8 1740529 30.4 4.59 14.4 30.4 16.0 20.2 7.48 198.0 % 58.21  
26 DAR ELSAL-2 437483.3 1730307 72.0 0.00 21.0 40.0 72.0 44.0 0.0 264.0 % 2.69-  
27 DAR ESSAL-3 437483.3 1730307 67.5 2.20 0.0 10.2 60.0 30.0 0.0 0.00 % 20.35  
28 DAR ELSAL-4 435685.6 1727546 71.0 5.00 22.0 44.0 72.4 55.0 0.00 322.0 % 7.93-  
 
Table  (3) Physio-chemical properties of the selected BH)Source : WHO( 
BH.N Wells name PH TDS EC T.hardness 
1 Abo doloo 6.9 426.3 609.0 208.0 
2 Abo doloo 7.2 364.7 521.0 180.0 
3 Abo dollo - bh-16 7.5 191.0 980.0 312.0 
4 AWLAD ELF 7.3 264.0 377.14 252.2 
5 EL MULTAG 7.0 7.94 11.34 325.4 
6 ABU FAS ( 7.7 193.0 275.71 312.0 
7 AWLAD BAK 8.0 71.1 101.57 246.0 
8 ELSHEIKH 8.0 11.3 16.14 161.0 
9 UMM GAFLA 7.0 39.2 56 140.0 
10 BOHAT EL 7.4 240.0 342.85 290.0 
11 AWLAD ELA 7.3 215.0 307.14 290.0 
12 ELFATH BO 8.0 86.0 122.85 590.0 
13 EL FATH ( 7.4 542.0 774.28 98.0 
14 ELMARKHIA 7.0 17.0 24.28 246.0 
15 EL SALAMA 7.9 300.0 428.5 306.0 
16 EL HILLA 8.0 82.3 117.57 360.0 
17 EL HEILA 7.2 431.0 615.8 312.0 
18 DAR ELSAL 7.0 90.2 128.85 290.0 
19 EL MERKHE 7.3 330.0 471.42 290.0 
20 EL BADUBA 7.0 27.4 39.14 590.0 
21 AL HAWAWE 7.0 31.7 45.28 214.25 
22 EL GAZEER 7.5 224.0 320.00 311.2 
23 ELTHORA E 7.0 50.4 70.00 247.1 
24 DAR ELSAL-1 8.0 72.2 103.14 112.9 
25 ELTHORA E 7.2 230.0 328.57 98.77 
26 DAR ELSAL-2 7.9 310.0 442.85 278.54 
27 DAR ESSAL-3 7.5 510.0 728.57 154.5 
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fig (2)  photograph of well log measurement in the field 
Appendix of pseudo section 
 
Fig. (3) Pseudo cross–section map (across profile -3) 
Fig. (4) Pseudo cross–section map (across profile -2)  
Fig. (5) Pseudo cross–section map (across profile  
